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Abstract 
In multicellular organisms, programmed cell death (PCD) is one of the most 
important processes that occur during development. It helps to determine the definitive 
morphology of organs and tissues. A good example of how PCD helps to sculpture the 
overall shape of an organ is the developing limbs -where cell death in the interdigital 
tissues of the hand- and foot-plates shapes the contour of the hands and feet. 
Consequently, the limb has been popularly adopted by developmental biologists as a 
model for studying PCD. Furthermore, it is easy to experimentally manipulate the hand-
and foot-plate and the spatial-temporal expression pattern of PCD in the interdigital 
tissues is highly predictable. 
In this study, I have used the limb model to elucidate the function of a gene called 
Brain and Reproductive organ-Expressed (Bre). Bre was originally discovered when 
fibroblasts were treated with UV and DNA-damaging agents. These agents inhibited Bre 
expression and consequently Bre was proposed as a stress-modulating gene. I have 
investigated the involvement of Bre in the regulation of apoptosis in the interdigital 
tissues. I began with micro-dissecting and isolating the interdigital tissues from the 
i 
footplate of El2.5 and E13.5 hindlimbs. Using semi-quantitative RT-PCR, it was 
determined that Bre isoform 5 but not Bre isoforms 1, 2, 3 and 4 was expressed by 
interdigital tissues. In addition, E12.5 interdigital tissues expressed a higher level of Bre 
isoform 5 mRNA than El3.5 interdigital tissues. It has already been reported that 
hindlimb interdigital tissues are committed to PCD at El3.5 but not El2.5. Therefore, it 
appears that Bre expression is high when the interdigital cells are not committed to PCD 
and down-regulated when the cells are committed. I have established a primary 
interdigital cell culture system so that the effects of loss of function of Bre could be tested. 
Bre expression in interdigital cells was silenced using 5re-specific small interference 
RNA and the viability of these cells was compared with that of control culture by MTT 
assay. The result showed that the number of viable cells in the 5re-siRNA-treated culture 
was significantly lower than that in the control culture. The preliminary result of the 
reduction in cell viability by suppressing Bre expression suggests that BRE may play an 
anti-apoptotic role in interdigital cultured cells. In order to further investigate the 
downstream effect of Bre silencing, protein profiles of 5re-silenced culture and control 
culture were analyzed using two-dimensional electrophoresis and MALDI-TOF analysis. 
The comparative proteomic analysis revealed that several proteins were affected by Bre 
silencing. These include PDIA6 and vimentin which were suppressed. The effects of 
suppressing Bre expression were also profiled transcriptionally. The result revealed that 
the regulation of Pdia6 and vimentin expression by Bre silencing was on transcriptional 
and post-transcriptional level respectively. These observations provide some preliminary 
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1.1 Brain and Reproductive Organ Expressed Gene 
Li et al., 1995 identified a stress-responsive gene that was highly expressed in 
brain, ovary and testis. Hence, the gene was named brain and reproductive organs {Bre) 
gene. It was discovered that Bre expression was significantly decreased after UV 
irradiation, DNA damaging agent and retinoic acid treatment. The human Bre gene 
encodes an mRNA that is 1.9kb long and in turn translates a protein with 383 amino acids. 
The BRE protein weighs 44 kilodaltons and has an acidic isoelectric point (Li et al., 1995; 
Gu et a l , 1998). 
Bre gene does not share any significant homology with other known genes (Gu et 
al., 1998). However, the human Bre gene is highly conserved with its mouse and hamster 
counterparts. It shares 98% and 99% homology with those of mouse and hamster, 
respectively (Ching et al., 2001; Poon et al., 2004). Although Bre was originally reported 
to express mainly in the brain and reproductive organs, it is also strongly expressed in the 
adrenal gland, heart, pituitary gland and the spleen in human tissues (Miao et al., 2001). 
Moreover, Bre was expressed in the digestive and respiratory organs (Poon et al., 2004). 
Bre has since been shown to have multiple isoforms, in both human and mouse, formed 
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from alternative spicing. Human and their mouse counterparts have alternative splicing 
sites at both ends and 5'end, respectively (Ching et a l , 2001, 2003). 
The function of the Bre gene has been investigated in various biological models 
but the detailed fiinction and the physiological role of BRE has still not been clarified. Gu 
et al., 1998 demonstrated that BRE specifically interacted with the juxtamembrane 
domain of p55 Tumor Necrosis Factor (TNF) receptor by yeast-two-hybrid screening and 
in vitro biochemical assays. Furthermore, it was suggested that BRE had a role in 
modulation of TNF-a-specific Nuclear Factor kappa B ( N F K B ) activation because 
overexpression of BRE in HEK293 and MCF7 cells resulted in an inhibition of TNF-
induced N F K B activation (Gu et al., 1998). Beside T N F p55 receptor, BRE was also 
shown to bind to Fas which is another death-associated receptor (Li et al., 2004). The 
same authors, also suggested that BRE participated in the apoptotic pathway and have a 
role inhibiting, by ubiquitination-like activity, components in/or proximal to the Death-
inducing signaling complexes (DISC) that are required for mitochondria activation. This 
idea is supported by the fact that BRE inhibited the mitochondrial apoptotic machinery 
during apoptotic induction and an increased association of BRE with ubiquitinated 
proteins after death-receptor stimulation was also detected (Li et al” 2004). Since failure 
of apoptotic induction is one of the key factors in cancer development, the same workers 
investigated the role of BRE in tumorogenesis. They demonstrated that the mouse Lewis 
lung carcinoma D122, stably transfected with the Bre gene, developed into local tumor 
significantly faster than D122 cells stably transfected with the empty vector and parental 
D122, in both the syngeneic C57BL/6 host and nude mice. Hence, BRE was proposed to 
enhance tumor growth through its antiapoptotic activity (Chan et al., 2005). In addition, 
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Bre was also reported to be related to cell proliferation and DNA repair. In 2006, Tang et 
al. demonstrated that BRE could directly or indirectly modulate cell proliferation, since 
suppression in Bre expression by specific small-interfering RNA (siRNA) resulted in an 
increased in cell proliferation while overexpression of Bre led to a decreased in cell 
proliferation (Tang et al., 2006). In addition, BRE was initially found to be suppressed 
following treatment by UV-radiation and DNA damaging agent and so it has long been 
considered to play a role in DNA repair. In 2003, Shiekhattar and co-workers found out 
that BRE, also named as BRCC45, together with BRCAl, BARDl and BRCC36 formed 
a complex which revealed an enhanced E3 ligase activity. They suggested that this 
halo enzyme BRE-containing complex could enhance cellular survival following DNA 
damage because suppression of BRCC45 and BRCC36 expression in vivo by specific 
siRNAs led to an increased sensitivity to ionizing radiation and a defect in G2/M check 
point progression (Dong et al., 2003). Apart from acting as a biological-response 
modifier, BRE was also shown to play a role in the generation of a chemical component 
of the cell. Miao et al., 2001 was first to report Bre was expressed at high levels in the 
adrenal cortex, glial and neuronal cells of the brain and in the round spermatids, Sertoli 
cells and Ledig cells of testis. All of these tissues are associated with steroid hormones 
and/or TNF synthesis. Moreover, an alternation of Bre expression was observed in the 
adrenal glands under pathological conditions. Therefore, it was proposed that Bre 
expression was associated with steroids and/or TNF production and the regulation of 
endocrine functions (Miao et al., 2001). This argument was further supported by the same 
group in 2005. They suggested that BRE influences steroidogenesis through its effects on 
3p-hydroxysteroid dehydrogenase action (Sp-HSD), probably affecting the transcription 
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of 3p-HSD because impairment of pregnenolone-to-progesterone conversion and reduced 
expression of 3|3-HSD type I mRNA were observed in 5re-antisense-transfected cells 
compared with control (Miao et al., 2005). 
In sum, Bre is a stress-responsive gene with high homology across all species. It 
is highly expressed in the brain, adrenal cortex and gonads. The reported functions of 
BRE are very diverse and include TNF-a signaling, regulation of apoptosis, tumorogensis, 
cell proliferation, DNA repair and steriodogenesis. 
1.2 Programmed cell death 
The total number of cells in an organism is determined and tightly controlled by a 
balance between cell proliferation and PCD, which also known as apoptosis. Cell 
undergoing apoptosis is characterized by cell shrinkage, condensation and also by 
collapsed of the cytoskeleton, disassembled nuclear envelope and fragmented nuclear 
DNA (Wyllie et al., 1980; Patel et al., 1996; Dynlacht et al., 2000). The machinery of 
apoptosis depends on a group of proteases called Cysteinyl Aspartate-specific Proteases 
(Caspases). Caspases is a family of cysteine proteases that cleave substrates specifically 
after a conserved aspartate residue (Alnemri et al., 1996; Hu et al., 1998a). These 
enzymes exist as pro-caspases and can be cleaved and activated by other caspases. 
Caspase-8 and Caspase-9 act as initiators while Caspase-3, Caspase-6 and Caspase-7 act 
as executioners or effectors of apoptosis (Cohen, 1997). Activated effector-Caspases can 
in turn cleave key substrates for cell survival such as Poly-ADP-ribose polymerase 
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(PARP) (Tewari et al., 1995), which is necessary for DNA repair (Lindahl et al., 1995). 
Since Caspase-3 is an executioner during apoptosis, its importance on programmed cell 
death has long been a subject of study. To evaluate the physiological role of Caspase-3, 
null mice were generated and analyzed. A considerable number of Caspases-3 knockout 
mice die in utero at embryonic day El 2.5. Also, some of neonates die with brain defects. 
These defective brains contain extra tissue masses because apoptosis, which is essential 
for brain development, is inhibited (Kuida et al., 1996; Woo et al., 1998). 
Apoptosis can be activated in two ways, either by internal stimuli or by external 
signal received by the death receptors locating on the cell membrane. The former, which 
is also called intrinsic apoptotic pathway, is mediated through the mitochondria 
(Zamzami et al., 1996). It can be stimulated by accumulation of reactive oxygen 
intermediates (Ratan et al., 1994; Quillet-Mary et al., 1997), Apoptosis-inducing Factor 
(AIF) (Susin et al., 1997) and other death stimuli such as growth-factor deprivation. The 
early phases of mitochondrial apoptosis are characterized by a change in permeability of 
mitochondrial membrane (Zamzami et al., 1995) and a release of Cytochrome c from the 
intermembrane space of the mitochondrion into the cytosol (Kluck et al., 1997; Yang et 
al., 1997a). Beside Cytochrome c, other pro-apoptotic factors such as Caspase-9 (Susin 
et al., 1999)，the protein named Second Mitochondrial Activator of Caspase (Smac) and 
Direct inhibitor of apoptosis protein-binding protein with low pi (DIABLO) are also 
released from mitochondria during apoptosis (Du et al., 2000; Verhagen et a l , 2000). 
The intrinsic apoptotic pathway is mainly regulated by various proteins from the 
Bcl-2 family (Knudson and Korsmeyer, 1997). The Bcl-2 family members are 
categorized into anti-apoptotic and pro-apoptotic. The anti-apoptotic proteins include 
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BCL-2 (Hockenbery et a l , 1990; Sentman et al., 1991; Strasser et al., 1991) and B C L - X L 
(Cheng et al., 1996) while pro-apoptotic proteins include BAX (Hunter and Parslow, 
1996), BAK (Chittenden et al., 1995), BAD (Yang et al., 1995). BCL-2 and B C L - X L 
inhibit apoptosis by preventing the release Cytochrome c from mitochondria (Kluck et al., 
1997; Yang et al., 1997a) and activation of Caspase-9 (Hu et aL, 1998b). On the contrary, 
BAK and BAX are responsible for promoting the release of Cytochrome c (Jurgensmeier 
et al., 1998; Rosse et al., 1998; Shimizu et al., 1999) while BAD binds to anti-apoptotic 
members and prevent their activation (Letai et al., 2002). Another candidate, Apoptotic 
Protease Activating Factor-1 (Apaf-1) plays a vital role in mitochondrial apoptotic event 
(Zou et al., 1997). When an internal death stimulus is received, Cytochrome c is released 
from mitochondria into cytosol (Kluck et al., 1997; Yang et al., 1997a). In the presence of 
Cytochrome c and dATP, APAF-1 interacts with pro-caspase-9 through a mutual domain 
(Liu et al., 1996) to form an apoptosome. This interaction results in an activation of pro-
caspase-9 (Zou, et al., 1999). Activated Caspase-9 in turn cleaves pro-caspase-3, pro-
caspase-6 and pro-caspase-7 leading to cell death (Srinivasula et al., 1998). 
Apoptosis that results from binding death factors to corresponding death receptors 
extracellularly is known as extrinsic apoptotic pathway. The death receptors include TNF 
p55 receptor (Tartaglia et al., 1993), Fas (Dhein et al., 1995) and Death Receptor (DR) 3 
(Chinnaiyan et al., 1996a), DR4 (Pan et al., 1997), DR5 (Chaudhary et aL, 1997) and 
DR6 (Pan et al., 1998). All of them belong to the TNF receptor superfamily and contain a 
homologous death domain (DD) in their cytoplasmic regions. Stimulation of the death 
receptors results in recruitment of adaptor proteins to the cytoplasmic domain of the 
death receptors. These adaptor proteins can be divided into two categories. The first class 
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includes DD-containing adaptor proteins (Chinnaiyan et al., 1996b) while the second 
class includes the family of TNFR-associated Factors (TRAFs) and other proteins 
without death domains (Rothe et al., 1994). TNF Receptor-associated DD protein 
(TRADD) (Hsu et al., 1995), Fas-associated DD protein (FADD) (Chinnaiyan et al., 1995) 
and Receptor Interacting Protein (RIP) (Stanger et al., 1995) are examples of DD-
containing adaptor proteins. When TNF binds to TNF p55 receptor, TRADD interacts 
with the receptor and mediates either apoptosis or activation of N F K B (HSU et al., 1995) 
which depends on the type of adaptor proteins recruited by TRADD. If FADD is 
recruited, apoptosis is induced (Hsu et al., 1996b). In case of the recruitment of TRAF-2 
and/or RIP, activation of N F K B results (Hsu et al., 1996a). However, when Fas is 
stimulated, unlike TNF p55 receptor, only FADD is recruited to the receptor (Chinnaiyan 
et al., 1995). Convergence of Fas and TNF p55 receptor signaling pathways signals 
through adaptor protein FADD (Chinnaiyan et al., 1996b) which in turn recruits 
procaspase-8 to the DISC (Medema et al., 1997). The autocatalytic activity of DISC 
generates active Caspase-8 which in turn cleaves pro-caspase-3 into mature Caspase-3 
(Boldin et al., 1996; Muzio et al., 1996). Activation of Caspase-3 results in the execution 
of programmed cell death. In addition, it has been reported that Fas could mediate 
apoptosis through INK activation (Yang et al., 1997b; Villunger et al” 2000). 
The intrinsic apoptotic pathway has always been reported to be interconnected 
with the extrinsic apoptotic pathway and vice versa. For example, protection from Fas-
induced apoptosis by overexpression of BCL-2 in vivo has been observed (Lacronique et 
al., 1996). Furthermore, BID, which is a pro-apoptotic member of Bcl-2 family (Wang et 
al., 1996), has been verified to be cleaved by active Caspase-8 (Li et al., 1998). The 
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truncated BID (tBID) translocates into mitochondria and stimulates the release of 
Cytochrome c (Luo et al., 1998) which relays the apoptotic signal to mitochondria. 
In conclusion, cell number is tightly regulated not only through cell proliferation 
but also programmed cell death, which is mainly relayed by an intrinsic and extrinsic 
apoptotic pathway. The intrinsic pathway is stimulated by internal apoptotic signals while 
the extrinsic pathway is stimulated by the binding of death factors to corresponding death 
receptors extracellulary. These two pathways not only work dependently but also 
crosstalk with each other very closely. 
1.3 Limb development in mouse 
For a long time, the vertebrate limb has been used as a model for studying the 
cellular and molecular mechanisms that regulate pattern formation and development of 
tissues during embryogenesis (Johnson and Tabin, 1997; Capdevila and Izpisua Belmonte, 
2001). Chicken and mouse embryos have been used extensively in these studies 
(Capdevila and Izpisua Belmonte, 2001) (For simplicity, limb formation in mouse 
embryo will be focused in the following paragraphs which are starting with limb 
initiation, followed by outgrowth and then patterning.). 
In mouse embryo, the forelimbs begin to develop at Embryonic day 9.5 (E9.5) 
while the hindlimbs start to form at ElO. Therefore, the hindlimbs develop with an E0.5 
time-lag compared with the forelimb (Wanek et al., 1989). At the beginning of limb 
formation, undifferentiated mesenchymal cells, locating in lateral plate mesoderm (LPM) 
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aggregate together and then proliferate to give rise to the limb buds which are located 
between C5-C8 and L3-L5 in the flank of the embryo (Solursh et al., 1987; Hayashi and 
Ozawa, 1995). These cells are encased in the ectoderm jacket and informed about their 
positions in limb development. These positional values are then acquired by the 
mesenchymal cells and interpreted for development in the later stages (Tickle, 2006). 
The limb has three primary axes. They are proximo-distal axis (extending from 
the shoulder to fingers), anteroposterior axis (from the thumb to little finger) and dorso-
ventral axis (from the back of hand to palm) (Figure 1). The initiation of limb formation 
is regulated by proteins from Fibroblast Growth Factor (FGF) family (Cohn et a l , 1995; 
Ohuchi et al., 1995; Tickle and Munsterberg, 2001). Fgf-10 is expressed in 
undifferentiated mesenchymal cells within the limb field and induces the expression of 
Fgf-8 in the overlying ectoderm which forms the apical ectodermal ridge (AER) at later 
stage of development (Ohuchi et a l , 1997; Xu et al., 1998; Yonei-Tamura et al., 1999; 
Kawakami et al., 2001). The elongation of the proximal-distal axis is controlled by the 
AER which keeps on producing FGFs and secretes them to the underlying mesenchyme 
(Saunders, 1948; Capdevila and Izpisua Belmonte, 2001; Lee, 2002; Logan, 2003). 
The antero-posterior axis is regulated by a collection of cells located at the 
posterior region of the limb bud which is called zone of polarizing activity (ZPA) 
(Saunders and Gasseling, 1968; Tickle et al., 1975; Sanz-Ezquerro and Tickle, 2001; 
Logan, 2003; Sanz-Ezquerro and Tickle, 2003; Tickle, 2006). When ZPA is transplanted 
to a position on an anterior margin of the limb bud, an extra set of mirror-imaged digits is 
produced along the antero-posterior axis (Saunders and Gasseling, 1968; Tickle et al., 
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Figure 1. 
Representation of the antero-posterior, proximo-distal and dorso-ventral axes in the 
developing limb and the corresponding structures of mature limb formed in human. AER, 
apical ectodermal ridge (Adopted from Logan, 2003). 
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1975; Tickle, 1995; Sanz-Ezquerro and Tickle, 2001; Sanz-Ezquerro and Tickle, 2003; 
Tickle, 2006). The morphogens responsible for this polarizing activity are Sonic 
Hedgehog {Shh) proteins (Riddle et al., 1993). In-situ hybridization study revealed that 
Shh was expressed specifically in the ZPA and exogenous application of the SHH protein 
was capable of inducing the same mirror-image digit duplication at the anterior side of 
the limb bud (Riddle et al., 1993). In addition to establishing the anteroposterior axis, the 
ZPA is also responsible for controlling both digit number and digit identity (Panman and 
Zeller, 2003). 
The dorsal-ventral axis is determined by ectoderm once the limb bud forms 
(MacCabe et al., 1974; Pautou, 1977; Geduspan and MacCabe, 1987; Tickle, 1995; 
Capdevila and Izpisua Belmonte, 2001; Lee, 2002). The molecules those are important 
for dorsal-ventral axis specification and development are Wnt-7a and Engrailed 1. Wnt-
7a is expressed in the dorsal ectoderm of limb bud (Dealy et al., 1993; Parr et al., 1993). 
A transgenic mouse with functionally inactivated Wnt-7a was produced by Parr and 
McMahon in 1995. This mouse had footpads on both the ventral and dorsal surfaces of 
the hindlimbs (Parr and McMahon, 1995). On the contrary, Engrailed 1 which is 
normally only expressed at the ventral side of the limb and loss of its function in mutant 
mice results in double dorsal phenotype (Loomis et al., 1996; Logan et al., 1997). 
Besides the establishment of three primary axes, formations of the digits and 
joints also play important roles in limb development. Separation of the digits is achieved 
by cell death and results in sculpting the limb into its final shape. The apoptotic regions 
of the limb include the interdigital necrotic zone (INZ), interior necrotic zone, anterior 
necrotic zone (ANZ) and posterior necrotic zone (PNZ) (Saunders, 1966; Saunders and 
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Fallon, 1967; Garcia-Martinez et al., 1993; Zuzarte-Luis and Hurle, 2002). Mori et al., 
1995 demonstrated that the cells located in these sites died by apoptosis with DNA 
fragmentation. The signals responsible for initiating programmed cell death in the 
autopod are mediated by Bone Morphogenetic Proteins (BMPs). The inhibitions of BMP-
2, BMP-4, or BMP-6 expressions in the interdigital tissues result in the development of 
webbed feet (Yokouchi et al., 1996; Zou and Niswander; 1996). In addition to inducing 
apoptosis, BMP isoforms also play a major role in inducting differentiation of 
mesenchymal cells to become chondrocytes. Therefore, BMPs have a dual role in the 
developing limb. How the mesenchymal cells differentiate is dependent on the 
concentration of BMPs (high for inducing cell death and low for inducing chondrocytes) 
and also the developmental stage of the limb (Macias et al., 1997). 
1.4 Role of BRE in apoptosis 
Gu et al., 1998 has revealed that BRE bound specifically to the juxtamembrane of 
TNF p55 receptor using yeast-two-hybrid-screen and in vitro biochemical assays. In 
addition, BRE suppressed TNF-a-induced N F K B activation by gel-shift assay and 
luciferase assay. Therefore, BRE appears to behave like a pro-apoptotic factor through its 
ability to influence the TNF-mediated signaling pathway because N F K B has been 
reported to suppress TNF-a-induced apoptosis (Beg and Baltimore, 1996). However, it 
has been suggested that BRE might function like Suppressor of Death Domain protein 
(SODD), which blocks TNF-Rl upstream signaling resulting in the negative regulation of 
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N F K B activation and the apoptotic pathway (Li et al., 2004). Gu et a l , 1 9 9 8 reported that 
BRE did not interact with Fas. However, recently it has been revealed that ectopically 
expressed BRE protein could bind to Fas by co-immunoprecipitation (Li et al., 2004). 
TNF-a- and cycloheximide-induced apoptosis is inhibited by Bre overexpression, and the 
silencing of Bre expression using 5re-specific siRNA increases sensitivity to TNF-a-
induced apoptosis. When anti-Fas agonist is added, overexpression of Bre retards the 
cleavages of Caspase-3, Caspase-9, and PARP and down-regulates the expression of 
Cytochrome c and Smac/DIABLO. When ectoposide or TNF-a is added, the same result 
is obtained except that the cleavages of Caspase-8 and t-bid are also retarded. BRE binds 
phosphorylated, sumoylated and ubiquitinated proteins in overexpressing cell line upon 
TNF-a or anti-Fas agonist addition. Two minutes after TNF receptor stimulation, BRE 
dissociates from TNF p55 receptor, but not from Fas. Furthermore, BRE has been shown 
to localize in cytosol and to a less extent, in the nuclei. No transportation to mitochondria 
has been observed upon death-receptor stimulation and etoposide addition (Li et al., 
2004). Li et al., 2004 concluded that BRE had an anti-apoptotic function that targeted to 
death-receptor-mediated apoptosis. In addition, they proposed that components which 
were upstream of DISC and required for mitochondrial activation, were inhibited by BRE 
through ubiquitination-like activity. 
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1.5 Role of programmed cell death in interdigital tissue regression 
Classically, the vertebrate limb has been used as a model of studying programmed 
cell death because PCD occurs in specific areas and at a specific time (Zuzarte-Lui's and 
Hurle, 2005). There are several areas in the vertebrate limb that undergo apoptosis during 
development and these include the anterior necrotic zone (ANZ), the posterior necrotic 
zone (PNZ), the opaque patch (OP) and the interdigital necrotic zone (INZ) (Saunders, 
1966; Saunders and Fallon, 1967; Dawd and Hinchliffe, 1971; Alles and Sulik, 1989; 
Garcia-Martinez et al., 1993; Zuzarte-Lms and Hurle, 2002). The AER, which is found 
on the distal margins of the limb, not only regulates the size and width of the 
development but also the number of digits in the developing limb (Klein et al., 1981; 
Todt and Fallon, 1984; Naruse and Kameyama; 1986; Capdevila and Izpisua Belmonte, 
2001; Zuzarte-Lms and Hurle, 2002; Zuzarte-Lui's and Hurle, 2005). The size and the 
width of AER are determined by programmed cell death and cell proliferation (Ferrari et 
al., 1998). Moreover, it has been proposed that apoptosis also participates in the 
development of the joints because cell death has been detected in the presumptive joints 
of the digits (Mori et al., 1995). 
The interdigital tissue has been used extensively as a model for studying 
programmed cell death during development. Cell death occurs in the interdigital tissues 
in order for the digits to separate because these tissues originally link the digits together 
in the limb. One of the key families of protein that regulate interdigital cell death is 
BMPs (Zou and Niswander, 1996; Merino, et al., 1999). BMPs belong to the 
Transforming Growth Factor-beta (TGF-p) superfamily and has been shown to be able to 
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trigger apoptosis in the AER (Ganan et a l , 1998; Wang et al., 2004) and the mesodermal 
cells (Ganan et al, 1996; Kawakami et a l , 1996; Yokouchi et al., 1996; Zou and 
Niswander, 1996; Macias et al., 1997; Tang et al., 2000; Guha et al., 2002; Zuzarte-Luis 
et aL, 2004). BMP-2, BMP-4, BMP-5 and BMP-7 are expressed by ectodermal cells in 
the AER and directly influence the development of the mesodermal cells in the digital 
and interdigital regions (Yokouchi et al., 1996; Laufer et al., 1997; Dupe et al, 1999; 
Tang et al., 2000; Zuzarte-Lui's et aL, 2004). Overexpression of these BMP isoforms 
results in premature cell death in these regions (Capdevila and Izpisua Belmonte, 2001; 
Zuzarte-Luis et aL, 2004). Beside their abilities to induce apoptosis, BMPs at low 
concentration can also stimulate chondrogenesis (Macias et al., 1997) and pattern 
formation (Pizette et al., 2001). How the limb mesodermal cells respond to the BMPs is 
dependent on the developmental stage of the limb tissues, the type of modulators and 
BMP receptors present when the cells were exposed to the molecules (Macias et al,, 1997; 
Grotewold and Riither, 2002a). Until now, the pathways involved in BMP-induced 
apoptosis have still not been established. However, at least two apoptotic pathways have 
now been proposed to be BMP-related. One of them involves Smad proteins (Kimura et 
al., 2000; Zuzarte-Luis et aL, 2004) and the other is related to a crosstalk between Wnt 
signal transduction and Mitogen Activated Protein Kinase (MAPK) cascade (Grotewold 
and Ruther, 2002b). 
Although many of the features of interdigital cell death suggest it occurs via 
apoptosis, the main cell death machinery has still not been clarified. In order to 
understand the interdigital cell death mechanism, the role of Caspase-3 enzyme in 
interdigital cell death has been investigated (Mirkes et aL, 2001; Huang and Hales, 2002). 
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Caspase-3 enzyme activation in response to 4-hydroxycyclophosphamide (Huang and 
Hales, 2002) and retinoic acid (Ali-Khan and Hales, 2003) stimuli has been investigated 
in the developing limb. It has been discovered that inhibition of Caspase-3 did not lead to 
a blockage to physiological or induced interdigital cell death 一 the extent of cell death 
was merely reduced but not eliminated (Huang and Hales, 2002). Moreover, Caspase-3-
deficient mice did not show any limb phenotype (Kuida et al., 1996; Woo et al., 1998). 
Although many studies have shown that regression of interdigital tissues was achieved by 
apoptosis, interdigital cell death can also occur through a necrotic- and caspase-
independent manner (Chautan et a l , 1999). 
In the context of interdigital programmed cell death, the evidence for the 
existence of an extrinsic pathway is much weaker than that for an intrinsic pathway. 
TNF-a-like protein has been reported to be expressed by the interdigital tissues (Wride et 
al., 1994). However, activation of pro-caspase-8 has not been detected during interdigital 
cell death (Huang and Hales, 2002). For the intrinsic pathway, the Apaf-1, Bax and Bak 
are believed to be involved in the interdigital cell death because when these genes are 
knockout, the animals produced show limb phenotype. The limbs are webbed (Cecconi et 
al., 1998; Lindsten et al., 2000). Vimentin is a substrate that has been shown to be 
cleaved specifically by Caspase-9 in the regressing interdigital tissues (Nakanishi et al., 
2001), however, pro-caspase-8, and pro-caspase-9 activation have not been detected in 
the limb during apoptosis or following treatment with 4-hydroxycyclophosphamide 
(which normally induces programmed cell death) (Huang and Hales, 2002). Mice lacking 
Caspase-9 expression also do not have any limb deformity (Kuida et al., 1998). 
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Beside evidences supporting the existence of an extrinsic and intrinsic pathway, 
other molecules have also been reported to act on the interdigital tissues. These molecules 
may or may not be integrated with the caspase-dependent pathway. For example, reactive 
oxygen species (ROS) also play a role in interdigital cell death (Salas-Vidal et al, 1998; 
Schnabel et al, 2006). Furthermore, not only apoptosis but also growth arrest participates 
in interdigital tissue regression (Lee et al, 1999; 2001). 
1.6 Aim of study 
In my project, I will first establish the spatial-temporal expression in the limb, as 
this has not been done before. Specifically, I will examine the Bre expression pattern in 
E12.5-E13.5 mouse hindlimbs using in-situ hybridization technique. I will correlate the 
expression pattern with the onset of cell death in interdigital tissues. 
Secondly, using RT-PCR technique, I will determine the different Bre isoforms 
expressed by the interdigital tissues because previously it has been reported that different 
tissues expressed different Bre isoforms. 
Lastly, using 5re-specific siRNA, I will test the effects of loss of function of Bre 
by down-regulating Bre expression in the interdigital cultured cells and then assay the 
change in cell viability in these cells. In addition, using comparative proteomics, I will 
compare the protein profile of 5re-silenced cells with that generated by control siRNA. 
Some of the spots with differential expression across groups will be analyzed and picked 
for identification. The result will be further confirmed by RT-PCR. 
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Materials and methods 
2.1 Mice 
ICR mice were used throughout this whole study. Pregnant ICR mice were 
obtained from Laboratory Animal Services Centre of The Chinese University of Hong 
Kong. The mice were kept at a constant temperature of 22�C and maintained on a 12-hour 
light/dark cycle. For mating, one male mouse was set up with four female mice in the 
evening hours. The mice were then checked for the presence of vaginal plugs in the 
following morning. If a vaginal plug was found, the mouse would be designated as half a 
day pregnant and the embryos inside that mouse are designated Embryonic (E) 0.5 day 
old. 
2.2 In-situ hybridization 
2.2.1 Histology 
For histology, the El2.5 or El3.5 hindlimbs were fixed in 4% paraformaldehyde 
(w/v, Sigma, United States) overnight. The fixed hindlimbs were then washed in three 
changes of Dulbecco's Phosphate Buffered Saline (DPBS, Invitrogen Corporation, 
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United States) for 15 minutes. The hindlimbs were dehydrated in a graded series of 
ethanol (v/v, Merck, United States) from 70% to 100% (30 minutes each step). Then, the 
hindlimbs were cleared in xylene (Merck, United States) and embedded in paraffin wax. 
Finally, the specimens were sectioned at 5|^m and mounted onto TESPA treated slides. 
2.2.2 Preparation of riboprobe for in-situ hybridization 
A pT-BRE plasmid containing 1,205bp encoding Bre isoform-five sequence was 
kindly provided by Professor Y.L. Chui. The plasmid cDNA was linearized by Sal I and 
in-vitro transcribed to generate digoxigenin (DIG)-labeled antisense riboprobe using a 
DIG RNA labeling kit (Roche Applied Science, United States). 1 [ig purified template 
DNA was added with RNase-free water to make the total sample volume 13|_il in a vial. 2 
jjl of lOX NTP labeling mixture, 2 of lOX transcription buffer, 1 jiil of protector 
RNase inhibitor and 2 |il of T7 RNA polymerase were added into the vial. The mixture 
had been mixed gently and centrifuged briefly before it was incubated at YTC for two 
hours. So as to remove template DNA, 2 of RNase-free DNase I had been added to the 
mixture which was then incubated at 37°C for 15 minutes. 2 jil of 0.2M 
ethylenediaminetetraacetic acid (EDTA, pH8.0) was added to the vial to stop the reaction. 
Afterwards, riboprobe was quantified and then stored at -80 for use. 
- 1 9 -
CHAPTER II 
2.2.3 In-situ hybridization 
All of the procedures performed were as described by Lee et al. (1998). Briefly, 
paraffin sections of the specimens were dewaxed in two changes of xylene for 10 minutes. 
The sections were then hydrated in 100% ethanol for 10 minutes, 70% ethanol (v/v) for 5 
minutes and equilibrated in DPBS for 10 minutes. The sections were digested with 
10|ig/ml of proteinase K (Fermentas Life Science, Canada) for 7 minutes and post-fixed 
in 4% paraformaldehyde for 5 minutes. 
The treated specimens were washed twice in DPBS for 10 minutes and then 
incubated in pre-hybridization buffer containing 2X SSC (USB, United States), IX 
Denhardt's reagent (refer to appendices), 5mM EDTA (Sigma, United States), 0.1% 
sodium dodecyl sulfate (w/v, SDS, USB, United States), lOX Dextran sulfate (Chemicon, 
United States), 50|ig/ml salmon sperm DNA (Stratagene, United States) and 50% 
formamide (v/v, USB, United States) for a minimum of 2 hours. Afterwards, 0.5 |ig/ml of 
DIG-labeled antisense riboprobe was diluted in the same buffer and added to the slides 
containing the specimens. The sense probe was used as a negative control. The 
hybridization temperature for Bre was 55°C. The incubation time was 16 hours. 
Following hybridization, unbound riboprobe was stringently washed away in 2X 
SSC at 4 2 � C for 20 minutes (two changes), 0.1% SDS (w/v) in 0.2X SSC buffer for 15 
minutes and then 0.2X SSC buffer for 10 minutes. After washing, the localization of 
hybridized probe in the specimens was detected using alkaline phosphatase-conjugated 
digoxigenin antibody (Roche Applied Science, United States). The antibody (1:50 
dilution) was added to the specimens for 2 hours and washed in DPBS for 10 minutes 
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four changes). Nitroblue tetrazolium salt and 5-bromo-4-chloro-3-indolylphosphate 
(NBT/BCIP, Roche Applied Science, United States) was used as the color substrate. 
After color development, the sections were mounted in 50% glycerol (v/v, USB, United 
States). 
2.3 Interdigital tissue culture 
Pregnant females were sacrificed between E12.5 and E13.5. The embryos were 
isolated from uterus and maintained in the F-10 Ham nutrient mixture (Sigma, United 
States). The hindlimbs were then dissected from the trunks of the embryos. Using fine 
tungsten needle, the interdigital tissues between the second and the third digits, also those 
between the third and the forth digits, were excised and removed from the footplate. The 
isolated interdigital tissues were dissociated in a solution containing 0.25% trypsin (w/v, 
Gibco, United States), 0.03% EDTA (w/v) made up in DPBS. The tissues were incubated 
in the solution for 3 minutes at 37°C, with shaking. The cells were then centrifuged at 
1500 revolutions per minute (rpm) for 3 minutes and then cultured in Dulbecco's 
Modified Eagle's Medium (DMEM, Invitrogen Corporation, United States), +10% Fetal 
Bovine Serum (FBS, v/v, Gibco, United States), +0.01% Stretomycin sulphate (w/v, 
Gibco, United States), +100u/ml penicillin (Gibco, United States) for 24 hours inside 35-
mm culture dish (Coming, United States). 35-mm culture dishes were used for cell 
seeding in all experiments unless otherwise stated. The cells were incubated at 37°C with 
50/0CO2 in the humidified chamber throughout the whole study. 
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2.4 Gene interference 
2.4.1 Construction of Bre-siRNA 
Gene interference study was performed by using smail interfering RNA (siRNA) 
duplex targeting the Bre mRNA for degradation. siRNA targeting all Bre isoforms was 
used to silence the endogeneous Bre expression in the interdigital cells. The sense and 
antisense sequence of siRNA used for targeting Bre mRNA were 5'-UUC UCC GAA 
CGU GUC ACG UdT dT-3，and 5,-ACG UGA CAC GUU CGG AGA AdT dT-3, 
respectively. siRNA targeting Green Fluorescent Protein (GFP) mRNA was used as a 
negative control in the experiment. The sense and antisense sequence for targeting GFP 
were 5,-AAG CUG ACC CUG AAG UUdT dT-3，and 5'-AAC UUC AGG GUC AGC 
UUdG dC-3’ respectively. The siRNA duplexes were synthesized, purified and annealed 
by Qiagen-Xeragon, (Germantown, MD, USA). For each tube of lyophilized siRNA 
provided by the company, 1ml of the siRNA Suspension Buffer (Qiagen-Xeragon, 
Germantown, MD, USA) was added. The tube was then heated at 90°C for 1 minute. This 
was followed by incubation at 37 °C for an hour. The reconstituted siRNA solution was 
ready for use. It was aliquoted and stored at -80 °C. The concentration of siRNA solution 
varied from tube to tube, but was stated on the data sheet provided. 
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2.4.2 siRNA transfection of cultured interdigital cells 
The El2.5 interdigital cells were ready for siRNA transfection after they were 
allowed to attach to the culture plate for 24 hours. The culture medium was changed to 
transfecting medium that contained DMEM, +10% FBS (v/v). 1.4ml of transfecting 
medium was added to each 3 5-mm culture dish. siRNA transfection was conducted six 
hours after medium had been changed. lOOfil of gene silencing solution containing 0.5|ig 
of siRNA, 4|il of RNAiFect Reagent (Qiagen-Xeragon, Germantown，MD, USA) and 
DMEM was mixed with vortex and incubated for 40 minutes before use. lOOjil of gene 
silencing solution was introduced into the cell culture for 24 hours at 37°C. 24 hours later, 
the same transfection procedure was repeated and the cells were cultured for a further 24 
hours. 
2.5 Semi-quantitative RT-PCR 
2.5.1 Sample collection of interdigital cells and explants 
Interdigital cells were harvested and washed with DPBS solution for once. 1ml of 
TRIzol solution (Invitrogen Corporation, United States) was added into each 3 5-mm 
culture dish containing the cell samples. The cells were then incubated for 10 minutes at 
4°C and then placed into a 1.5ml RNase-free eppendorf tube. Interdigital tissues isolated 
from footplates were placed into a 1.5ml RNase-free eppendorf tube containing 1ml 
TRIzol solution. The tube was vortexed until all the explants were dissolved. 
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2.5.2 RNA isolation and extraction 
After tissue or cell samples were dissolved in Trizol solution, 200jj.l of chloroform 
(Fisher Scientific, United States) was added into each eppendorf tube. Then the 
eppendorf was vortexed for 15 seconds, allowed to settle for 3 minutes at room 
temperature and then centrifuged at 12,000 rpm at 4°C for another 20 minutes. 500|LI1 of 
supernatant was extracted from each sample and added into another 1.5ml RNase-free 
eppendorf tube. The remaining solution was discarded. 500|il isopropanol (BDH 
Chemicals Ltd., United Kingdom) was added into each sample, which was then 
throughoutly mixed by inverting the tube. The RNA was precipitated at -80°C for an hour. 
The samples were then centrifuged at 12,000 rpm at 4°C for 10 minutes. The supernatant 
was extracted and discarded. 1ml of 75% ethanol (v/v) made up in diethypyrocarbonate -
treated water (DEPC, USB, United States) was added to each sample which was then 
centrifuged at 7500 rpm at 4°C for 5 minutes. After the supernatant had been discarded, 
the tube was dried at room temperature. 
When a colorless precipitate was observed at the bottom of the tube, a suitable 
amount of DEPC-treated water was used for reconstitution. Then, the concentration and 
the purity of RNA were determined using a spectrophotometer (Biophotometer, 
Eppendorf, Germany) with the absorbance set at 260nm and 260/280nm. 
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2.5.3 Reverse-transcription and cDNA synthesis 
5|il of pre-reaction mixture containing Ifig of RNA, l|il of oligo-dT primer 
(Promega Corporation, United States) and DEPC-treated water was added to a 
microcentrifuge tube, incubated at 70 °C for five minutes and then on ice for another five 
minutes. 15 |il of reaction mixture containing 4 [il of ImPromll 5X Reaction Buffer 
(Promega Corporation, United States), 1.2|il of magnesium chloride solution (25mM, 
Promega Corporation, United States), of deoxyribonucleotide triphosphate (dNTP) 
mix (lOmM, Promega Corporation, United States), 20 units ribonuclease inhibitor 
(Promega Corporation, United States), 1 |il of ImPromll reverse transcriptase (Promega 
Corporation, United States) and DEPC-treated water was added to the pre-reaction 
mixture. A polymerase chain reaction (PCR) machine (PTC-100, MJ Research, Bio-Rad 
Laboratories, United States) was used for reverse-transcription and the complementary 
DNA (cDNA) synthesis process. The condition of the experiment was as followed: 
Step Temperature Duration 
1 25 5 minutes 
2 42 T 1 hour 
3 70 15 minutes 
4 4 °C For short-term storage 
-20 °C For long-term storage 
Table 1. Condition of reverse-transcription and cDNA synthesis 
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2.5.4 Polymerase chain reaction 
cDNA obtained from reverse-transcription experiment was used as the template 
for PCR amplification. 20|il of PCR mixture containing l|il ofcDNA, 2.5[i\ of PCR lOX 
buffer (Bio-firm, Hong Kong), 0.75^1 of magnesium chloride solution (25mM, Bio-firm, 
Hong Kong), of dNTP mix (lOmM, Promega Corporation, United States), l|dl of 
forward primer, Ijil of reverse primer, 0.25|il of Taq polymerase (Bio-firm, Hong Kong) 
and DEPC-treated water in a microcentrifuge tube was placed into the thermal cycler for 
PCR amplification. All of the primers used in this study were manufactured and desalted 
by Invitrogen Corporation (United States). The primers' sequence and condition for semi-
quantitative PCR are shown in Table 2 and Table 3 respectively. An additional 7-minute 
extension step at 72°C was performed at the end of the last cycle. 
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Primers Primer sequence 
Beta-actin (Forward) 5,-TGT TAG CAA CTG GGA CGA C-3' 
Beta-actin (Reverse) 5,-AAG GAA GGC TGG AAA AG A G-3' 
Bre (Forward) 5'-CAA CAT TCC CAC ATA CCT TCT C-3' 
Bre (Reverse) 5’-GCC ATT TCA TTT CCA TCC CAT C-3’ 
Bre isoform 1 (Forward) 5’-TTC ATT CAA GTC CTG CTC T-3' 
Bre isoform 1 (Reverse) 5'-ATT CAC CAG TCC AGT TGT T-3' 
Bre isoform 2 (Forward) 5,-CGA TGT GTG CCT GTA CTG T-3’ 
Bre isoform 2 (Reverse) 5,-CAC TGG AAC TGG TGG TAC TG-3' 
Bre isoform 3 (Forward) 5’-CCG ATG TGT GCC TGT AG-3' 
Bre isoform 3 (Reverse) 5'-ATT CAC CAG TCC AGT TGT T-3' 
Bre isoform 4 (Forward) 5,-CGG ACT TAA GTT CCA GAT CC-3, 
Bre isoform 4 (Reverse) 5’-CTC CAA AGG TAC GAT GCT T-3， 
Bre isoform 5 (Forward) 5'-GTG GGA CTG GAT GCT AC A AAC T-3' 
Bre isoform 5 (Reverse) 5’-CGC ACT GGA ACT GGT GGT A-3' 
Pdia6 (Forward) 5'-TCC TTT CCT ACC ATC ACT CC-3' 
Pdia6 (Reverse) 5’-CAC AGA ACC AC A TCC TTA CC-3， 
Vimentin (Forward) 5'-CAG TCC TCT GCC ACT CTT G-3' 
Vimentin (Reverse) 5'-CAG TTC TAC CTT CTC GTT GG-3' 
Table 2. Primers and corresponding sequences used in the study. 
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Primers Annealing Duration of Duration of Duration of Number 
Temperature denaturing annealing extension of cycles 
(Tm) step at 95 step at Tm step at 72 °C 
in each in each in each 
cycle cycle cycle 
Bre 55°C 45 seconds 30 seconds 45 seconds 30 
Bre isoform 1 55°C 45 seconds 30 seconds 45 seconds 40 
Bre isoform 2 55°C 45 seconds 30 seconds 45 seconds 40 
Bre isoform 3 55°C 45 seconds 30 seconds 45 seconds 40 
Bre isoform 4 55°C 45 seconds 30 seconds 45 seconds 40 
Bre isoform 5 55°C 45 seconds 30 seconds 45 seconds 30 
Pdia6 53°C 45 seconds 45 seconds 60 seconds 30 
Vimentin 53°C 45 seconds 30 seconds 45 seconds 25 
Table 3. Conditions of PCR for each pair of primers. An additional 7-minute extension 
step at 72°C was performed at the end of the last cycle. 
2.6 Assay of cell viability by MTT 
Interdigital cultured cells were prepared as previously described and grown in a 
microplate (96-well format). Four separate microplates were prepared for assay of cell 
viability at four different time points. Each plate contained four groups of samples 
including non-treatment group, control group, 5r6-siRNA-treated group and GFP-
siRNA-treated group. Each group of samples consisted of three replicates. Approximately, 
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2X10"^ cells per well were grown at 37�C with 5% CO2 in the humidified chamber for 18 
hours. The culture medium was then changed to transfecting medium containing DMEM, 
+10% FBS (v/v). 87.5^1 of transfecting medium was added to each well. Transfection 
was conducted six hours after medium had been changed. 6.25jil of gene silencing 
solution containing 0.0625}ig of siRNA, 0.25|il of RNAiFect Reagent and DMEM was 
mixed with vortex and incubated for 40 minutes before use. It was introduced into each 
well of 5厂e-silenced or GFP-silenced cell cultures. 6.25|il of mock transfecting solution 
containing 0.25pi RNAiFect Reagent and DMEM was also mixed with vortex, incubated 
for 40 minutes and added to the control culture. The same amount of DMEM was added 
to the non-treatment culture group. The viabilities of cultured cells were measured at 
time-point zero (just before transfection), 24 hours, 39 hours and 48 hours post 
transfection. At suitable time point, 9.4|il of 5mg/ml MTT solution was added to each 
well and the corresponding mixtures were incubated at 37°C with 5% CO2 in the 
humidified chamber for four hours. After incubation, culture medium was removed and 
94[i\ of dimethyl sulfoxide (DMSO, Sigma, United States) was added to dissolve the 
insoluble purple formazan product into a colored solution. The mixtures were further 
incubated for 15 minutes in dark at room temperature. Afterwards, the absorbance of the 
colored solution was quantified by measuring at 595nm by a kinetic microplate reader 
(Molecular Devices, United States). 
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2.7 Comparative proteomics 
Protein changes resulted from knock-down of Bre were revealed by two-
dimensional electrophoresis. Protein profiles were visualized by staining with silver 
nitrate after isoelectric point (pi) and molecular weight separation. Any proteins with 
differential expression between experimental and control groups were picked and 
identified by Matrix-Assisted Laser Desorption/ Ionization Time-of-Flight (MALDI-TOF) 
mass spectrometer. Two-dimensional electrophoresis was used in this study because of its 
unparalleled ability to separate thousands of protein simultaneously. Therefore, cluster of 
proteins, which is lining in the same pathway, having any differential expressions can be 
revealed at the same time. As a result, the role of BRE in the interdigital cells may be 
guessed from this piece of information. In addition, as silver staining is the most 
sensitive non-radioactive detection method which can detect down to one nanogram of 
protein, a complete set of proteins with differential expression can be visualized. Also, 
selected proteins can be easily identified by mass fingerprinting because well-developed 
mass fingerprinting databases were set up by various research institutes. 
2.7.1 Collection of interdigital cells 
Interdigital cells were dissociated from E12.5 and El3.5 interdigital tissues and 
washed with DPBS for once. 800|il of trypsin solution containing 0.25% trypsin (w/v), 
0.03% EDTA (w/v) in DPBS was added to each culture dish which was then incubated at 
37°C with 5% CO2 inside a humidified chamber for 3 minutes. Afterwards, 600|LI1 of 
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DPBS supplemented with 10% FBS (v/v) was added to the culture dish to terminate 
trypsinization process. The sample was then transferred to an eppendorf tube and 
centrifuged at 12,000 rpm for 3 minutes. The supernatant was discarded. 
2.7.2 Preparation of cell lysate 
Specifically, interdigital cells that were transfected with control and .Sre-specific 
siRNA were used. The cells collected were placed in lysis buffer (8M Urea (USB, United 
States), 2% 3-[(3-cholamidopropyl)dimethylammonio]-1 -propane sulfonate (CHAPS, 
w/v, Sigma-Aldrich, United States), 2M thiourea (Sigma-Aldrich, United States), 40mM 
dichlorodiphenyltrichloroethane (DTT, Sigma-Aldrich, United States), 1% Nonidet P40 
(NP-40, v/v, USB, United States)). The samples were mixed thoroughly by pipetting up 
and down until the cell pellets dissolved in the lysis buffer. Then, the samples were 
incubated on ice for one hour followed by centrifugation at 12,000 rpm for 15 minutes at 
4°C. The cell lysates were transferred to clean eppendorf tubes. 
2.7.3 Assay of protein concentration in cell lysate 
Bio-Rad Protein Assay (Bio-Rad Laboratories, United States) was used to 
measure the concentration of soluble protein in the sample. The measurement was based 
on the Bradford method which is a dye-binding assay. Coomassie brilliant blue G-250 
dye, in the presence of phosphoric acid and ethanol forms a strong acidic solution which 
-31 -
CHAPTER II 
has a maximum absorbance at 465nm. When the dye makes contact with the protein, the 
anionic form of the dye is stabilized by hydrophobic and ionic interactions with arginine 
residue or other basic and aromatic amino acid residues. The binding of the acidic dye 
solution to protein shifts the maximum absorbance to 565nm. The protein concentration 
of the sample can then be estimated by measuring the UV absorbance of the dye-protein 
mixture at 565nm. 
Protein assay dye reagent concentrate and bovine serum albumin (BSA) were 
included in the Bio-Rad Protein Assay kit (Bio-Rad Laboratories, United States). Briefly, 
BSA was used as a protein standard in the assay. The linear range of the assay is 8jig/ml 
to 80|ag/mL Therefore, lOjag/ml, 20|ig/ml, 40jag/ml, 60cg/ml and 80|ig/ml of BSA protein 
solutions were used to create a standard curve for the assay. All samples, including the 
protein standards, were assayed in triplicate. 160|il of each standard solution was pipetted 
into separate microtiter plate well. 1|J1 of protein sample together with 159jil of MilliQ 
water were added into each well of a microtiter plate. After adding the standard protein 
solution and the sample solution into the wells, 40|il of dye reagent concentrate was 
introduced into each well. The protein solution and reagent were mixed thoroughly using 
a microplate mixer. The plate was then incubated at room temperature for 5 minutes. 
Absorbance at 595nm was measured using the kinetic microplate reader. 
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2.7.4 Two-dimensional gel electrophoresis 
Isoelectric focusing (lEF) separates the proteins according to their pi. Proteins are 
amphoteric molecules. The charge that they carried depends on the pH of the surrounding. 
The net charge of the protein is the sum of all negative charges and positive charges of its 
amino acid side chains, amino- and carboxyl-terminals. Protein becomes positively 
charged at pH lower than its pi and negatively charged at pH higher than its pi. The net 
charge is zero at the pH equal to its pi value. Therefore, with the presence of electric field, 
proteins separate, migrate to their pi position and stop. 
11-cm long IPG electrode strip with 4-7pH gradient (Amersham Biosciences, 
United Kingdom) and an Ettan IPGphor Strip Holder (Amersham Biosciences, United 
Kingdom) were used in this experiment. Before protein loading, the IPG strip holders had 
to be cleaned with detergent (Amersham Bioscience, United Kingdom) thoroughly and 
allowed to dry before assembly of the apparatus. 150|ig of protein was applied for each 
IPG strip. The total volume of protein sample and rehydration buffer (8M Urea, 2% 
CHAPS (w/v), 1% IPG buffer (v/v, Amersham Biosciences, United Kingdom), 40mM 
DTT (Sigma-Aldrich, United States)) loaded onto the strip holder was 210|il. The 
maximum volume for sample loading was 50)il and the rehydration buffer made up the 
final volume to 210|iL The rehydration buffer was evenly introduced between the two 
electrodes of the strip holders. After that, different protein samples were pipetted into the 
central region of different strip holders. All large bubbles were removed. The protective 
cover foils were removed from the IPG strips. The strips were then positioned with the 
gel side down and the anodic end of the strip directed toward the pointed end of the strip 
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holders. Afterwards, the IPG strips were lowered onto the solution. 1ml of IPG Cover 
Fluid (Amersham Biosciences, United Kingdom) was applied to each strip so as to 
minimize evaporation and urea crystallization. The rehydration step was done under 
voltage and followed by a separation process. The electrophoresis condition for each step 
is listed in the Table 4. The program was stopped when the total volt-hours reached 
39000. 
Condition of lEF: 18°C, 50 micro-ampere (|iA) per strip 
Step Voltage Step duration 
1 13 hours 
"2 500V 15 minutes 
~3 lOOOV 15 minutes 
~4 2000V 15 minutes 
~5 3000V 15 minutes 
~6 4000V 30 minutes 
~7 5000V 45 minutes 
~8 5500V 1 hour 
~9 5600V 20 hours 
Table 4. Condition of lEF 
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After the first-dimensional electrophoresis was completed, the IPG strips were 
removed from the strip holders. Each strip was then treated with 1% DTT (w/v) in 6.5ml 
of equilibration buffer (50mM Tris (USB, United States), 6M of urea, 30% glycerol (v/v), 
2% SDS (w/v), 0.1% bromophenol blue (w/v, Sigma-Aldrich, United States)) with 
shaking for 30 minutes. The medium was then changed to 1% iodoacetamide (lAA, w/v, 
Sigma-Aldrich, United States) dissolved in the 6.5ml of the same equilibration buffer. 
The strips were treated in the solution for 30 minutes with constant shaking. 
The equilibrated strips were then loaded on the 12% SDS-acrylamide separating 
gels. Prestained protein molecular weight marker (Fermentas Life Science, Canada) with 
the range of 20 to 120kDa was used to determine the sizes of the proteins on the gel. 2% 
agarose (w/v, USB, United States) dissolved in cathode buffer was used to seal the gap 
between two glass plates. The apparatus was then immersed in the anode buffer with the 
upper chamber filling with cathode buffer. SDS-Polyacrylamide gel electrophoresis 
(SDS-PAGE) was performed at room temperature under constant voltage lOOV, until the 
dye front reached the bottom of the gel. 
After SDS-PAGE, the gels were released from the electrophoresis apparatus and 
processed separately in containers. They were fixed with shaking in fixing solution for 1 
hour. After that, the gels were washed in MilliQ water for 15 minutes for 4 times and 
then immersed in 50% ethanol (v/v) for 20 minutes twice. The gels were then soaked in 
0.02% sodium thiosulphate solution (w/v, Merck, United Kingdom) for 10 minutes with 
shaking, followed by 3 five-minute washes and stained by silver reaction. The silver 
reaction involved treating the gels in cool silver reaction solution for 1 hour at 4°C and 
then being rinsed twice with MilliQ water. After several brief washes, the gels were 
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immersed in developing solution until the desired silver staining intensity was reached. 
The gels were then soaked in 5% acetic acid (v/v, BDH Chemicals Ltd., United Kingdom) 
for 5 minutes to terminate the staining process. The medium was then poured off. The 
gels were scanned using a GS 800 Densitometer (Bio-Rad Laboratories, United States) 
and images were captured for further analysis. The protein spots on the gel were analyzed 
by The Discovery series, PDQuest 2D Analysis Software (Bio-Rad Laboratories, United 
States) version 7.13 PC. 
2.7.5 Protein identification by mass fingerprinting 
Any protein spots of interest that we identified were picked up from the gel and 
subjected to mass spectroscopy for protein identification. MALDI-TOF mass 
spectrometer (Voyager-DE Pro Biospectrometry Workstation, Applied Biosystems, 
United States) was used in this experiment. 
Protein spots were isolated from the gel and processed for destaining. The gel 
pieces were first briefly washed in MilliQ water twice. Each gel piece was then covered 
with 200|il of destaining solution (15mM potassium ferricyanide (Sigma-Aldrich, United 
States), 50mM sodium thiosulphate) and incubated at room temperature until they turned 
colorless. For the best result, the destaining solution should be freshly prepared. 
Each gel piece was then washed with 400|il of MilliQ water for 15 minutes for 
three times to remove the yellow reagent. The destained gel pieces were equilibrated in 
200|al of lOmM ammonium bicarbonate (Sigma-Aldrich, United States)/50% acetonitrile 
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(v/v, Merck, United Kingdom) each for about 15 minutes. The equilibration step was 
repeated one more time. The solution was discarded and the equilibrated gel pieces were 
dehydrated by incubating in 200|il of acetonitrile for 15 minutes. The solution was then 
poured off and the spots were dried in an incubator at 30�C for 5 minutes. The gel pieces 
were then ready for trypsin in-gel digestion. 
The trypsin (Promega, United States) was prepared by resuspension in 50mM 
acetic acid to form 0.1% stock solution (w/v). This solution was further diluted to 
0.0015% trypsin working solution in 40mM ammonium bicarbonate /50% acetonitrile 
(v/v). 12)il of the working solution was added to each gel sample. The reaction mixture 
was then incubated at room temperature for 30 minutes to ensure complete reswelling of 
the gel pieces. After that, additional trypsin working solution was added to ensure the 
gels were totally covered by the solution. The samples were then incubated at 35°C for 16 
hours. After trypsinization, 3}il of extraction solution (50% acetonitrile (v/v), 5% 
trifluoroacetic acid (TFA, v/v, Fluka Chemika, Switzerland)) was added to each gel piece. 
The mixture was then vortexed and further incubated at 35°C for 15 minutes. It was then 
centrifuged at 3,000 rpm for 2 minutes at room temperature. 
3jil of reaction mixture from each sample was spotted onto a MALDI-TOF 
sample plate (Applied Biosystems, United States) which was then allowed to dry for 20 
minutes at 35°C. a-cyano-4-hydroxycinnamic acid (Fluka Chemika, Switzerland) was 
used as matrix for the MALDI-TOF mass spectroscopy. The matrix solution (1% a-
cyano-4-hydroxycinnamic acid (w/v), 50% acetonitrile (v/v), 0.1% TFA (v/v)) was first 
centrifuged at 3,000rpm for three minutes at room temperature. Ijil of the matrix 
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supernatant was spotted over each dried sample. The plate was then dried by air for 30 
minutes. 
The mass spectrums were analyzed using the software Data Explorer Version 
4.0.0.0 (Applied Biosystems, United States). The spectrums resulted from analysis were 
subjected to mass fingerprinting database search. MS-Fit search from Protein prospector 
website，http://prospector.ucsf.edU/ucsflitml4.Q/msfit.htm was used in this experiment. 
2.8 Statistical Method 
If not otherwise indicated, all results are shown as mean 士 standard deviation. To 
determine the significance of variance in the experiments, data were analyzed using the 
two-tailed, paired student's t-test. P<0.05 was considered to be statistically significant. 
All statistical procedures were performed using the SPSS software. 
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Results 
3.1 Spatial and temporal expression of Bre in murine embryonic hindlimbs 
E12.5 and E13.5 embryos were extracted from the pregnant ICR mice. The 
hindlimbs were isolated from the embryos and processed for histology. Paraffin sections 
of E12.5 and E13.5 hindlimb were hybridized by mouse DIG-labeled 5re-specific 
riboprobe. We established that at E12.5, Bre gene expression was higher in the 
interdigital tissues than that in digits (Figure 2). At El3.5, similar expression pattern was 
obtained (Figure 3). In order to quantitatively compare the expression level of Bre in 
interdigital tissues at El2.5 and El3.5, we performed semi-quantitative RT-PCR analysis. 
Interdigital tissues between the second and the third digits and those between the third 
and the forth digits were freshly excised from El2.5 and E13.5 hindlimbs. The expression 
level of Bre in the interdigital tissues was revealed using semi-quantitative RT-PCR and 
5re-specific primers which prime the common region among all of the Bre isoforms 
(Figure 4). The result confirmed Bre was expressed in the interdigital tissues of E12.5 
and E13.5 hindlimbs. Moreover, Bre was expressed at a higher level in E12.5 interdigital 
tissues than E13.5 interdigital tissues. The expression of beta-actin (fi-actin) served as an 
internal control for normalization of the results. We decided to perform loss-of-function 
study on the interdigital tissues using Bre-siRNA. The experiment required primary 
- 3 9 -
CHAPTER II 
E12.5 and E13.5 interdigital cell culture to be established. Moreover, we needed to 
establish whether Bre expression was maintained when interdigital tissues were isolated 
from the hindlimbs, dissociated and maintained in culture. We performed RT-PCR on the 
interdigital cell culture and established that E12.5 and El3.5 interdigital cells during 
culture maintained Bre expression (Figure 5). Hence, they could be used for Bre gene 
silencing experiments. 
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Figure 2. 
In-situ hybridization showing the expression pattern of Bre mRNA in El 2.5 hindlimb, by 
using DIG-labeled Bre antisense riboprobe (A and B). Bre is expressed in the purple/blue 
stained cells of interdigital tissues (A, Bar =200iim; B, Bar 二 100|im). D, digits. INZ, 





In-situ hybridization showing the expression pattern of Bre mRNA in El 3.5 hindlimb, by 
using DIG-labeled Bre antisense riboprobe (A and B). Bre is expressed in the purple/blue 
stained cells of interdigital tissues (A, Bar =200^m; B, Bar =100|im). D, digits. INZ, 
interdigital necrotic zone. 
- 4 2 -
趣 驚 潔 鐘 昏 ^ ^ ^ ^ ^ 教 ， - 、 • ： • ： .
 “
 # 
D , : ” ： 遍 〒 ： ： ， ： ： ： D
 ) ” ： ： . ： ， ％ i 
i l l 
CHAPTER III 
Figure 4. 
Semi-quantitative RT-PCR analysis of Bre expression in £12.5 and E13.5 interdigital 
tissues. Lane A, E12.5 interdigital tissues. Lane B, E13.5 interdigital tissues. (A) The 
result showed that both El2.5 and E13.5 interdigital tissues expressed Bre mRNA. In 
addition, Bre expression was higher in E12.5 interdigital tissues than E13.5 interdigital 
tissues. P-actin was the internal control. (B) The ratio of Bre expression level in E12.5 
interdigital tissues and El3.5 interdigital tissues. For the ease of illustration, the Bre 
expression level in E12.5 interdigital tissues was made up to 1.0. The Bre mRNA level in 
each group was normalized by its corresponding /S -actin expression level. 
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Semi-quantitative RT-PCR analysis of Bre expression in interdigital cells after culturing 
for 24 hours. Lane A, interdigital cells established from E12.5 hindlimbs. Lane B, 
interdigital cells established from El3.5 hindlimbs. (A) The result revealed that the 
interdigital cells maintained their ability to express Bre. Moreover, the El2.5 interdigital 
cells expressed a higher level of Bre mRNA than E13.5 interdigital cells, fi-actin served 
as an internal control. (B) The ratio of Bre expression level in El 2.5 interdigital cells and 
El3.5 interdigital cells. For the ease of illustration, the Bre expression level in E12.5 
interdigital cells was made up to 1.0. The Bre mRNA level in each group was normalized 
by its corresponding /5 -actin expression level. 
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3.2 Expressions of Bre isoforms in interdigital tissues 
Previously, human Bre was reported to have different isoforms expressed in 
various human cell lines. Six isoforms, resulted from alternatively splicing either at 5’ 
end or 3,end, were shown to be expressed in human cell lines by RT-PCR (Ching et al., 
2001). In its mouse counterpart, Bre was also reported to have five isoforms expressed in 
the heart tissues as determined in NCBI database. However, unlike its human counterpart, 
these isoforms were only resulted from alternatively splicing at 5，end. With the exception 
of heart tissues, expressions of different isoforms were too low to be detected in other 
tissues like brain, liver, lung and kidney (Ching et al., 2003). Since Bre was shown to be 
expressed in the interdigital tissues at El2.5 and El3.5, we wanted to establish which 
types of Bre isoforms were expressed in the interdigital tissues. Beforehand, a multiple 
alignment of five isoforms of mouse Bre gene was performed by ClustalW 1.83 (Figure 
6). The result showed that an alternative splicing only occurred at 5' end which was 
consistent with Ching et al., 2003. In order to find out the expression patterns of different 
isoforms in interdigital tissues, primers which were specific for each isoform were 
designed. By semi-quantitative RT-PCR, the expression patterns of different mouse Bre 
isoforms in cultured interdigital cells, interdigital tissues and adult heart tissues were 
elucidated (Figure 7). The result revealed that the cultured interdigital cells only 
expressed Bre isoform five (Figure 7, left panel). Similar result was also obtained from 
interdigital tissues isolated from E12.5 hindlimbs (Figure 7, middle panel). Expressions 
of other Bre isoforms were too low to be detected by semi-quantitative RT-PCR 
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Figure 6. 
An alignment of five isoforms of mouse Bre gene. Isoform 1 (Accession number: 
NM—181279)，Isoform 2 (Accession number: NM_181282), Isoform 3 (Accession 
number: NM—181281), Isoform 4 (Accession number: NM—181280) and Isoform 5 
(Accession number: NM_ 144541) were aligned by CLUSTALW (1.83). The result 
showed that an alternative splicing only occurred at 5' end which was consistent with 
Ching et a l , 2003. Conserved nucleotide among all isoforms is indicated with an asterisk. 
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I s o f o r m 2 CCGGTTACTGATCGGACTTAAGTTCCAG ATCCATGM MAGGGCCGTC 48 
I s o f o r m 3 CCGGTTACTGATCGGACTTAAGTTCCAG ATCCATGAA MAGGGCCGTC 48 
I s o f o r m 4 CCGGTTACTGATCGGACTTAAGTTCCAG ATCCATGAA MAGGGCCGTC 48 
I s o f o r m 1 CCGGTTACTGATCGGACTTAAGTTCCAGTGGTAACTCATAMTCMGTTAAAATGTCTCC 60 
I s o f o r m 5 CCGGTTACTGATCGGACTTMGTTCCAGTGGTAACTCATAMTCMGTTAAMTGTCTCC 60 
• + 女 • • 女 • 女 • 
I s o f o r m 2 ACAGAA-GCTTTCATTCMGTCC TGCTCTTATCATCTGC-CGATGTGTG-CCTG 99 
I s o f o r m 3 ACAGM-GCTTTCATTCMGTCC TGCTCTTATCATCTGC-CGATGTGTG-CCTG 99 
I s o f o r m 4 ACAGM-GCTTTCATTCAAGTCC TGCTCTTATCATCTGC-CGATGTGTG-CCTG 99 
I s o f o r m 1 AGAAATTGCCTTGAACCGAATTTCTCCMTGCTCTCCCCATTCATATCAAGCGTGGTCCG 120 
I s o f o r m 5 AGMATTGCCTTGMCCGMTTTCTCCMTGCTCTCCCCATTCATATCMGCGTGGTCCG 120 
* * * • • • • • • • 女 ••女 * • •女女 • * 
I s o f o r m 2 TACTG 104 
I s o f o r m 3 TA 1 0 1 
I s o f o r m 4 TAATG 104 
I s o f o r m 1 AMTGGGAAGATCCATGAAAAAGGGCCGTCACAGAAGCTTTCATTCMGTCCTGCTCTTA 180 
I s o f o r m 5 AAATGGGAAGGT GGGACTG GATGCT 145 
* 
I s o f o r m 2 
I s o f o r m 3 
I s o f o r m 4 AATGGTATGGTGTGCCAGATCTAGAGMAGCATC 138 
I s o f o r m 1 TCATCTGCCGATGTGTGCCTGTAATGMTGGTATGGTGTGCCAGATCTAGAGAAAGCATC 240 
I s o f o r m 5 ACAAACTGTTTG AGAATTACGGA 168 
I s o f o r m 2 TACATC 110 
I s o f o r m 3 
I s o f o r m 4 GTACCTTTGGAGAAAGAAAGAMACCATCTGCCACTAGMAMGGCCAAMCTGTACATC 198 
I s o f o r m 1 GTACCTTTGGAGAAAGAAAGAAMCCATCTGCCACTAGAAAMGGCCMMCTGTACATC 300 
I s o f o r m 5 CTTGAAG TCTG GCTGTACATC 189 
I s o f o r m 2 ATTGACTCCTGGACCCAACTGTGACCGCTTCAAACTGCACATCCCGTACGCTGGGGAGAC 170 
I s o f o r m 3 
I s o f o r m 4 ATTGACTCCTGGACCCAACTGTGACCGCTTCAAACTGCACATCCCGTACGCTGGGGAGAC 258 
I s o f o r m 1 ATTGACTCCTGGACCCMCTGTGACCGCTTCAAACTGCACATCCCGTACGCTGGGGAGAC 360 
I s o f o r m 5 ATTGACTCCTGGACCCAACTGTGACCGCTTCAAACTGCACATCCCGTACGCTGGGGAGAC 2 4 9 
I s o f o r m 2 GTTAAAATGGGACATAATTTTCAATGCTCAGTACCCAGAGCTGCCTCCTGATTTCATCTT 230 
I s o f o r m 3 GGGACATMTTTTCAATGCTCAGTACCCAGAGCTGCCTCCTGATTTCATCTT 153 
I s o f o r m 4 GTTAAAATGGGACATAATTTTCAATGCTCAGTACCCAGAGCTGCCTCCTGATTTCATCTT 318 
I s o f o r m 1 GTTMAATGGGACATAATTTTCAATGCTCAGTACCCAGAGCTGCCTCCTGATTTCATCTT 420 
I s o f o r m 5 GTTAAAATGGGACATAATTTTCMTGCTCAGTACCCAGAGCTGCCTCCTGATTTCATCTT 309 
士 • 女 • • 女 • 女 • 女 女 • 女 女 士 + 
I s o f o r m 2 TGGAGAGGATGCTGAGTTTCTGCCAGACCCCTCTGCGCTGCACAACCTTGCCTCCTGGM 290 
I s o f o r m 3 TGGAGAGGATGCTGAGTTTCTGCCAGACCCCTCTGCGCTGCACAACCTTGCCTCCTGGAA 2 1 3 
I s o f o r m 4 TGGAGAGGATGCTGAGTTTCTGCCAGACCCCTCTGCGCTGCACAACCTTGCCTCCTGGM 378 
I s o f o r m 1 TGGAGAGGATGCTGAGTTTCTGCCAGACCCCTCTGCGCTGCACAACCTTGCCTCCTGGAA 480 
I s o f o r m 5 TGGAGAGGATGCTGAGTTTCTGCCAGACCCCTCTGCGCTGCACMCCTTGCCTCCTGGAA 369 
I s o f o r m 2 CCCTTCAAACCCTGAGTGCCTGTTGCTCGTGGTGAAGGAGCTGGTGCAGCAGTACCACCA 3 5 0 
I s o f o r m 3 CCCTTCAMCCCTGAGTGCCTGTTGCTCGTGGTGAAGGAGCTGGTGCAGCAGTACCACCA 2 7 3 
I s o f o r m 4 CCCTTCAAACCCTGAGTGCCTGTTGCTCGTGGTGAAGGAGCTGGTGCAGCAGTACCACCA 4 3 8 
I s o f o r m 1 CCCTTCAMCCCTGAGTGCCTGTTGCTCGTGGTGAAGGAGCTGGTGCAGCAGTACCACCA 5 4 0 
I s o f o r m 5 CCCTTCAMCCCTGAGTGCCTGTTGCTCGTGGTGMGGAGCTGGTGCAGCAGTACCACCA 4 2 9 
I s o f o r m 2 GTTCCAGTGCGGCCGCCTCCGTGAGAGCTCGCGCCTCATGTTTGAGTACCAGACGCTCCT 4 1 0 
I s o f o r m 3 GTTCCAGTGCGGCCGCCTCCGTGAGAGCTCGCGCCTCATGTTTGAGTACCAGACGCTCCT 3 3 3 
I s o f o r m 4 GTTCCAGTGCGGCCGCCTCCGTGAGAGCTCGCGCCTCATGTTTGAGTACCAGACGCTCCT 4 9 8 
I s o f o r m 1 GTTCCAGTGCGGCCGCCTCCGTGAGAGCTCGCGCCTCATGTTTGAGTACCAGACGCTCCT 6 0 0 
I s o f o r m 5 GTTCCAGTGCGGCCGCCTCCGTGAGAGCTCGCGCCTCATGTTTGAGTACCAGACGCTCCT 4 8 9 
I s o f o r m 2 GGMGAGCCTCAGTATGGAGAGAACATGGAAATTTATGCTGGAMGAAAMCMCTGGAC 4 7 0 
I s o f o r m 3 GGMGAGCCTCAGTATGGAGAGAACATGGAMTTTATGCTGGAAAGAAMACAACTGGAC 3 9 3 
I s o f o r m 4 GGAAGAGCCTCAGTATGGAGAGAACATGGAAATTTATGCTGGAAAGAAAAACMCTGGAC 5 5 8 
I s o f o r m 1 GGAAGAGCCTCAGTATGGAGAGMCATGGAAATTTATGCTGGAMGAAAMCMCTGGAC 660 
I s o f o r m 5 GGMGAGCCTCAGTATGGAGAGAACATGGAAATTTATGCTGGAAAGAAAMCAACTGGAC 5 4 9 
I s o f o r m 2 TGGTGAATTTTCAGCTCGTTTTCTATTGAAGTTACCAGTAGATTTCAGCMCATTCCCAC 5 3 0 
I s o f o r m 3 TGGTGAATTTTCAGCTCGTTTTCTATTGAAGTTACCAGTAGATTTCAGCAACATTCCCAC 4 5 3 
I s o f o r m 4 TGGTGAATTTTCAGCTCGTTTTCTATTGMGTTACCAGTAGATTTCAGCAACATTCCCAC 618 
I s o f o r m 1 TGGTGAATTTTCAGCTCGTTTTCTATTGMGTTACCAGTAGATTTCAGCMCATTCCCAC 7 2 0 
I s o f o r m 5 TGGTGAATTTTCAGCTCGTTTTCTATTGAAGTTACCAGTAGATTTCAGCAACATTCCCAC 6 0 9 
I s o f o r m 2 ATACCTTCTCAAGGATGTAAATGMGACCCTGGAGAAGATGTGGCCCTTCTTTCTGTCAG 5 9 0 
I s o f o r m 3 ATACCTTCTCAAGGATGTAAATGAAGACCCTGGAGAAGATGTGGCCCTTCTTTCTGTCAG 5 1 3 
I s o f o r m 4 ATACCTTCTCMGGATGTAMTGAAGACCCTGGAGAAGATGTGGCCCTTCTTTCTGTCAG 678 
I s o f o r m 1 ATACCTTCTCAAGGATGTAMTGAAGACCCTGGAGMGATGTGGCCCTTCTTTCTGTCAG 7 8 0 
I s o f o r m 5 ATACCTTCTCAAGGATGTMATGAAGACCCTGGAGAAGATGTGGCCCTTCTTTCTGTCAG 6 6 9 
I s o f o r m 2 TTTTGAGGATACTGAAGCTACCCAGGTGTACCCCMGTTGTACTTGTCACCCCGAATTGA 650 
I s o f o r m 3 TTTTGAGGATACTGAAGCTACCCAGGTGTACCCCMGTTGTACTTGTCACCCCGMTTGA 5 7 3 
I s o f o r m 4 TTTTGAGGATACTGAAGCTACCCAGGTGTACCCCAAGTTGTACTTGTCACCCCGAATTGA 7 3 8 
I s o f o r m 1 TTTTGAGGATACTGAAGCTACCCAGGTGTACCCCAAGTTGTACTTGTCACCCCGMTTGA 8 4 0 
I s o f o r m 5 TTTTGAGGATACTGMGCTACCCAGGTGTACCCCMGTTGTACTTGTCACCCCGMTTGA 7 2 9 
• • 女 女 女 • 女 + • • 女 • • 女 • 女 + • + + • 
I s o f o r m 2 GCATGCACTCGGAGGCTCCTCTGCTCTTCACATCCCTGCTTTCCCCGGAGGAGGATGTCT 7 1 0 
I s o f o r m 3 GCATGCACTCGGAGGCTCCTCTGCTCTTCACATCCCTGCTTTCCCCGGAGGAGGATGTCT 6 3 3 
I s o f o r m 4 GCATGCACTCGGAGGCTCCTCTGCTCTTCACATCCCTGCTTTCCCCGGAGGAGGATGTCT 798 
I s o f o r m 1 GCATGCACTCGGAGGCTCCTCTGCTCTTCACATCCCTGCTTTCCCCGGAGGAGGATGTCT 900 
I s o f o r m 5 GCATGCACTCGGAGGCTCCTCTGCTCTTCACATCCCTGCTTTCCCCGGAGGAGGATGTCT 7 8 9 
I s o f o r m 2 CATTGATTATGTGCCTCAAGTGTGCCACCTGCTCACCAACAAGGTACAGTATGTGATTCA 7 7 0 
I s o f o r m 3 CATTGATTATGTGCCTCAAGTGTGCCACCTGCTCACCMCAAGGTACAGTATGTGATTCA 6 9 3 
I s o f o r m 4 CATTGATTATGTGCCTCAAGTGTGCCACCTGCTCACCAACMGGTACAGTATGTGATTCA 858 
I s o f o r m 1 CATTGATTATGTGCCTCAAGTGTGCCACCTGCTCACCAACAAGGTACAGTATGTGATTCA 960 
I s o f o r m 5 CATTGATTATGTGCCTCMGTGTGCCACCTGCTCACCAACAAGGTACAGTATGTGATTCA 8 4 9 
I s o f o r m 2 AGGCTATCACAAMGAAGAGAGTACATCGCAGCTTTCCTCAGTCACTTTGGCACAGGTGT 830 
I s o f o r m 3 AGGCTATCACAAAAGMGAGAGTACATCGCAGCTTTCCTCAGTCACTTTGGCACAGGTGT 753 
I s o f o r m 4 AGGCTATCACAAAAGMGAGAGTACATCGCAGCTTTCCTCAGTCACTTTGGCACAGGTGT 918 
I s o f o r m 1 AGGCTATCACMMGMGAGAGTACATCGCAGCTTTCCTCAGTCACTTTGGCACAGGTGT 1020 
I s o f o r m 5 AGGCTATCACAAMGAAGAGAGTACATCGCAGCTTTCCTCAGTCACTTTGGCACAGGTGT 909 
I s o f o r m 2 CGTGGAATATGATGCAGMGGCTTCACAAMCTTACTCTGCTGCTGATGTGGAMGACTT 890 
I s o f o r m 3 CGTGGAATATGATGCAGMGGCTTCACAAAACTTACTCTGCTGCTGATGTGGAAAGACTT 813 
I s o f o r m 4 CGTGGAATATGATGCAGAAGGCTTCACAMACTTACTCTGCTGCTGATGTGGAAAGACTT 978 
I s o f o r m 1 CGTGGAATATGATGCAGAAGGCTTCACAAAACTTACTCTGCTGCTGATGTGGAAAGACTT 1080 
I s o f o r m 5 CGTGGAATATGATGCAGMGGCTTCACAAMCTTACTCTGCTGCTGATGTGGAMGACTT 969 
I s o f o r m 2 TTGTTTTCTTGTCCACATTGACCTGCCCCTGTTTTTCCCTCGAGATCAGCCTACGCTCAC 950 
I s o f o r m 3 TTGTTTTCTTGTCCACATTGACCTGCCCCTGTTTTTCCCTCGAGATCAGCCTACGCTCAC 873 
I s o f o r m 4 TTGTTTTCTTGTCCACATTGACCTGCCCCTGTTTTTCCCTCGAGATCAGCCTACGCTCAC 1038 
I s o f o r m 1 TTGTTTTCTTGTCCACATTGACCTGCCCCTGTTTTTCCCTCGAGATCAGCCTACGCTCAC 1140 
I s o f o r m 5 TTGTTTTCTTGTCCACATTGACCTGCCCCTGTTTTTCCCTCGAGATCAGCCTACGCTCAC 1029 
I s o f o r m 2 ATTTCAGTCAGTCTATCACTTTACCMCAGTGGACAGCTTTACTCCCMGCACAAAAAM 1010 
I s o f o r m 3 ATTTCAGTCAGTCTATCACTTTACCMCAGTGGACAGCTTTACTCCCMGCACAAAAAM 933 
I s o f o r m 4 ATTTCAGTCAGTCTATCACTTTACCAACAGTGGACAGCTTTACTCCCAAGCACAAMAAA 1098 
I s o f o r m 1 ATTTCAGTCAGTCTATCACTTTACCAACAGTGGACAGCTTTACTCCCMGCACAAAAAM 1200 
I s o f o r m 5 ATTTCAGTCAGTCTATCACTTTACCAACAGTGGACAGCTTTACTCCCMGCACAAAAAM 1089 
I s o f o r m 2 CTACCCATACAGCCCCAGATGGGATGGAAATGAMTGGCCAAGAGAGCMAGGCTTATTT 1070 
I s o f o r m 3 CTACCCATACAGCCCCAGATGGGATGGAAATGAMTGGCCAAGAGAGCAMGGCTTATTT 993 
I s o f o r m 4 CTACCCATACAGCCCCAGATGGGATGGAMTGAMTGGCCAAGAGAGCAMGGCTTATTT 1158 
I s o f o r m 1 CTACCCATACAGCCCCAGATGGGATGGAAATGAMTGGCCAAGAGAGCAAAGGCTTATTT 1260 
I s o f o r m 5 CTACCCATACAGCCCCAGATGGGATGGAAATGAMTGGCCMGAGAGCAAAGGCTTATTT 1149 
I s o f o r m 2 CAMACCTTTGTCCCTCAGTTCCAGGAGGCCGCATTTGCCAATGGAAAGCTCTAGGAAAC 1130 
I s o f o r m 3 CAAMCCTTTGTCCCTCAGTTCCAGGAGGCCGCATTTGCCMTGGAAAGCTCTAGGAMC 1053 
I s o f o r m 4 CAAAACCTTTGTCCCTCAGTTCCAGGAGGCCGCATTTGCCAATGGAAAGCTCTAGGAAAC 1218 
I s o f o r m 1 CAAAACCTTTGTCCCTCAGTTCCAGGAGGCCGCATTTGCCAATGGAAAGCTCTAGGAAAC 1320 
I s o f o r m 5 CMAACCTTTGTCCCTCAGTTCCAGGAGGCCGCATTTGCCAATGGMAGCTCTAGGAMC 1209 
I s o f o r m 2 ACCAGTGCTGAGAGGCGGCCAACCAGACTGCTCAGTCCACATGCGTGTCAGCGCTCGGGC 1190 
I s o f o r m 3 ACCAGTGCTGAGAGGCGGCCAACCAGACTGCTCAGTCCACATGCGTGTCAGCGCTCGGGC 1113 
I s o f o r m 4 ACCAGTGCTGAGAGGCGGCCAACCAGACTGCTCAGTCCACATGCGTGTCAGCGCTCGGGC 1278 
I s o f o r m 1 ACCAGTGCTGAGAGGCGGCCMCCAGACTGCTCAGTCCACATGCGTGTCAGCGCTCGGGC 1380 
Isoform 5 ACCAGTGCTGAGAGGCGGCCAACCAGACTGCTCAGTCCACATGCGTGTCAGCGCTCGGGC 1269 
女女•••••••••••••女女女 
I s o f o r m 2 TGCTTGCTGGAMCTGCTCGGAATGTCTTC 1220 
I s o f o r m 3 TGCTTGCTGGAMCTGCTCGGAATGTCTTC 1143 
I s o f o r m 4 TGCTTGCTGGAMCTGCTCGGAATGTCTTC 1308 
I s o f o r m 1 TGCTTGCTGGAMCTGCTCGGAATGTCTTC 1410 
I s o f o r m 5 TGCTTGCTGGAAACTGCTCGGAATGTCTTC 1299 
• • • 女 女 • • 女 + + + 
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Figure 7. 
Semi-quantitative RT-PCR analysis determining the types of Bre isoforms expressed by 
cultured interdigital cells (left), interdigital tissues (middle) and adult heart tissues (right). 
The interdigital cells were digested from interdigital tissues isolated from hindlimbs of 
El2.5 mouse embryos and further cultured for 24 hours. The interdigital tissues were 
isolated from hindlimbs of E12.5 mouse embryos. The result showed that Bre isoform 5 
was the major transcripts expressed by interdigital cells and interdigital tissues. 
Transcripts of other isoforms remained at undetected level. Transcripts of isoform 2, 4 
and 5 were detected in adult mouse heart tissues. P-actin served as an internal control. 
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CHAPTER III 
3.3 Silencing of Bre expression by siRNA in interdigital cells 
Primary interdigital cell culture was established from El2.5 hindlimb interdigital 
tissues excised between the second and the third digits and from those between the third 
and the forth digits. After the interdigital cells had been cultured for 24 hours, Bre-
specific siRNA was transfected to silence Bre expression in the interdigital cells while 
GFP-specific siRNA was used in the control culture. Forty-eight hours after the first 
transfection, the interdigital cells were harvested and Bre expression in experimental and 
control cultures were established by semi-quantitative RT-PCR (Figure 8). Bre 
expression in the experimental culture was significantly decreased compared with that in 
the control culture, fi-actin expression served as an internal control of the experiment. 
The result was analyzed statistically. Bre expression in the GFP-siRNA-transfected 
culture was normalized to one. Bre expression in the 5re-siRNA-transfected culture was 
suppressed to around 30% of that in control culture. As a result, the 5厂e-specific siRNA 
was able to significantly suppress the expression of Bre in our primary culture system. 
Hence, the Bre-siRNA and GFP-siRNA could be used in our comparative proteomic 
study, where we compared the protein profile of interdigital cells that expressed Bre with 
those that did not. 
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Figure 8. 
Semi-quantitative RT-PCR analysis of Bre mRNA level in El2.5 interdigital cells that 
were transfected with either 5厂e-specific siRNA or GFP-specific siRNA. E12.5 
interdigital cells were harvested 48 hours after siRNA transfection. Double transfection 
was performed in which the second transfection was done at 24 hours after the first 
transfection. (A) The result of RT-PCR showed that Bre expression was significantly 
down-regulated by the 万厂e-specific siRNA. Expression of P-actin served as an internal 
control. (B) The ratio of Bre expression level in GFP-siRNA-treated culture to Bre 
expression level in 5re-siRNA-treated culture. For the ease of illustration, the Bre 
expression level in GFP-siRNA-treated group was made up to 1.000. The Bre mRNA 
level in each group was normalized by its corresponding P-actin expression level. Value 
for each group is shown as mean 士 SE. Asterisk represents p<0.05. 
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3.4 Effect on viability of 5/r-silenced interdigital cells by siRNA 
BRE has been demonstrated its anti-apoptotic activity in various cancer cells (Li 
et al., 2004). Apoptosis in interdigital tissues is the major process of digit separation 
during development (Mori et al., 1995). In this sense, I proposed that BRE may also play 
an anti-apoptotic role in interdigital cells during limb development. In chapter 3.1, the 
result of RT-PCR revealed that Bre expression in El2.5 interdigital tissues was higher 
than that in El3.5 interdigital tissues. Notably, interdigital apoptosis starts at El3.5 and 
ends at El5.5 (Tang et al., 2000). It is worthy to investigate whether decrease in Bre 
expression along the occurrence of interdigital cell death relates to the anti-apoptotic 
property of BRE. In my study, I established Bre silencing in the interdigital cultured cells. 
Using this system, I set out MTT assay to investigate the effect on viability of Bre-
silenced interdigital cells caused by siRNA. We found that there was no significant 
difference in cell viability between the interdigital cell cultures transfected either with 
Bre-siRNA or GFP-siRNA before 39 hours post transfection (Figure 9). However, 
comparing with control culture, significant decrease in viability of 5re-silenced 
interdigital cells was observed at 48 hours post transfection. The result suggests that BRE 
may play a role in regulating cell viability directly or indirectly. 
- 5 1 -
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Figure 9. 
Effect on viability of 5re-silenced interdigital cells by siRNA. Cell viabilities of 
untransfected cells and cells transfected with either Bre-siRNA or GFP-siRNA or 
RNAiFect Reagent (Control) were measured by MTT assay. MTT was added to the 
medium at different time points and incubated for four hours at 37°C with 5%C02 in the 
humidified chamber. Culture medium was removed and DMSO solvent was then added 
to solubilize formazan crystal. Soluble formazan was quantified by a kinetic microplate 
reader measuring the absorbance at 595nm. Readings of each group at time zero was 
normalized to 100%. Each group of data consisted of three replicates. The result was 
analyzed by Kruskal Wallis test. The viability of 5厂e-siRNA treated cells significantly 
was lower than that of GFP-siRNA treated cells and those of two other groups. Asterisk 
represents p<0.05. 
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3.5 Comparative proteomic profile of 忍re-silenced interdigital cultured cells 
After the GFP-siRNA and Bre-s'iRNA had been shown to work properly on the 
primary interdigital cultures, we decided to analyze these cultures by comparative 
proteomic analysis. El2.5 interdigital cells were dissociated from hindlimb interdigital 
tissues and plated onto culture dishes. After culturing for 24 hours, Bre-spQcific siRNA 
was transfected to silence Bre expression in the interdigital cells while GFP-specific 
siRNA served as a control. Forty-eight hours after the first transfection, the interdigital 
cells were harvested and lysed. Protein assay was then performed to quantify the amount 
of proteins in the cell lysate. Equal amount of proteins in each group was loaded to first-
dimension lEF. Proteins were separated by their pi values. After that, proteins were 
loaded to second-dimension SDS-PAGE, separated by their molecular weights and 
stained by silver nitrate solution. The protein profiles of ^r^-silenced and unsilenced 
cultures were revealed in the 2-D gels (Figure 10, 11). Each figure shown was a 
representative 2-D gel from two independent experiments. The expression patterns were 
highly reproducible. The protein profiles between the two groups were compared using 
The Discovery series, PDQuest 2D Analysis Software (Bio Rad) Version 7.13 PC. Grids 
were added onto the image of the control gel to enhance identification of protein spots 
(Figure 12). The location and SSP number of the protein spots analyzed are shown in 
magnified gel images with the grids (Figures 13 — 21). The intensity measurement of 
each protein spot was compared between experimental and control group. A quantitative 
graph report across the groups was generated and sorted by SPP number (Figure 22 — 25). 
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The protein spots that were differential expressed across the experimental and control 
groups were picked and identified by MALDI-TOF mass spectrometry. 
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Figure 10. 
Representative two-dimensional electrophoresis of proteins extracted from El2.5 
interdigital cells that had been transfected with 5re-specific siRNA. The proteins were 
separated on the basis of pi (x-axis) and molecular weight (y-axis). 





































































































Representative two-dimensional electrophoresis of proteins extracted from El2.5 
interdigital cells that had been transfected with GFP-specific siRNA. The proteins were 
separated on the basis of pi (x-axis) and molecular weight (y-axis). 
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CHAPTER III 
Figure 12. 
Representative two-dimensional electrophoresis of proteins extracted from El2.5 
interdigital cells that had been transfected with GFP-specific siRNA. Grids were added 
onto the gel image for the ease of localizing and identifying protein spots. 
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Figure 13. 
Upper left portion of magnified gel image of representative two-dimensional 
electrophoresis of proteins extracted from El2.5 interdigital cells that had been 
transfected with GFP-specific siRNA. Each analyzed protein spot was assigned with a 
spot SSP number for identification. 
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Figure 14. 
Upper middle portion of magnified gel image of representative two-dimensional 
electrophoresis of proteins extracted from El2.5 interdigital cells that had been 
transfected with GFP-specific siRNA. Each analyzed protein spot was assigned with a 
spot SSP number for identification. 
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Upper right portion of magnified gel image of representative two-dimensional 
electrophoresis of proteins extracted from El2.5 interdigital cells that had been 
transfected with GFP-specific siRNA. Each analyzed protein spot was assigned with a 
spot SSP number for identification. 
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Middle left portion of magnified gel image of representative two-dimensional 
electrophoresis of proteins extracted from El2.5 interdigital cells that had been 
transfected with GFP-specific siRNA. Each analyzed protein spot was assigned with a 
spot SSP number for identification. 
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Figure 17. 
Middle portion of magnified gel image of representative two-dimensional electrophoresis 
of proteins extracted from El2.5 interdigital cells that had been transfected with GFP-
specific siRNA. Each analyzed protein spot was assigned with a spot SSP number for 
identification. 
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Middle right portion of magnified gel image of representative two-dimensional 
electrophoresis of proteins extracted from E12.5 interdigital cells that had been 
transfected with GFP-specific siRNA. Each analyzed protein spots was assigned with a 
spot SSP number for identification. 
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Lower left portion of magnified gel image of representative two-dimensional 
electrophoresis of proteins extracted from El2.5 interdigital cells that had been 
transfected with GFP-specific siRNA. Each analyzed protein spot was assigned with a 
spot SSP number for identification. 



















































Lower middle portion of magnified gel image of representative two-dimensional 
electrophoresis of proteins extracted from El2.5 interdigital cells that had been 
transfected with GFP-specific siRNA. Each analyzed protein spot was assigned with a 
spot SSP number for identification. 




Lower right portion of magnified gel image of representative two-dimensional 
electrophoresis of proteins extracted from El2.5 interdigital cells that had been 
transfected with GFP-specific siRNA. Each analyzed protein spot was assigned with a 
spot SSP number for identification. 




A quantity graph report showing the comparison of spot intensity of each analyzed spot 
across group (SSP 1001 - SSP3201). The SSP number is the number assigned to each 
analyzed protein spot for identification purpose. In each graph, the height of the bar 
represents the relative expression level of the protein spots analyzed in GFP-siRNA- and 
5厂e-siRNA-treated group (from left to right). 
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Figure 23. 
A quantity graph report showing the comparison of spot intensity of each analyzed spot 
across group (SSP 3202 - SSP5603). The SSP number is the number assigned to each 
analyzed protein spot for identification purpose. In each graph, the height of the bar 
represents the relative expression level of the protein spots analyzed in GFP-siRNA- and 
5re-siRNA-treated group (from left to right). 
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Figure 24. 
A quantity graph report showing the comparison of spot intensity of each analyzed spot 
across group (SSP 5604 - SSP8001). The SSP number is the number assigned to each 
analyzed protein spot for identification purpose. In each graph, the height of the bar 
represents the relative expression level of the protein spots analyzed in GFP-siRNA- and 
5r^-siRNA-treated group (from left to right). 
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Figure 25. 
A quantity graph report showing the comparison of spot intensity of each analyzed spot 
across group (SSP 8004 - SSP8603). The SSP number is the number assigned to each 
analyzed protein spot for identification purpose. In each graph, the height of the bar 
represents the relative expression level of the protein spots analyzed in GFP-siRNA- and 
5re-siRNA-treated group (from left to right). 
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3.6 Identification of proteins that were differentially expressed by MALDI -TOF 
Protein expression profiles of Bre-siRNA- and GFP-siRNA-transfected 
interdigital cells were established by two-dimensional electrophoresis and analyzed by 
gel-imaging software. The protein spots that were differentially expressed were picked 
from the two-dimensional gels using a spot picker. They were destained to remove the 
silver nitrate inside the spots followed by in-gel digestion. The colorless protein spots 
were then soaked in trypsin solution overnight to obtain cleaved peptides which were in 
turn extracted. Extracted peptides followed by matrix solution were spotted onto 
MALDI-TOF sample plate which was in turn loaded into the mass spectrometer. The 
mass to charge ratio of each peptide of a protein was elucidated and revealed as a mass 
spectrum (Refer to appendices). By submitting the result obtained to database search, 
several protein candidates with basic information such as pi value, molecular weight and 
peptide mass fingerprint were ascertained. The rank was also provided which indicated 
the like-hood that the protein identified correlated with the mass spectrum. By 
considering the rank and discrepancy between the experimental and theoretical 
information of protein candidates, the protein identities were confidentially predicted. In 
this experiment, a total of eight proteins were identified to be differentially expressed in 
the 5re-silenced interdigital cells (Figure 26). Beside SSP number, each protein spot was 
named with a spot number for simpler illustration in the figure. The identities of the eight 
protein spots are listed in Table 5. In the Table, the corresponding SSP number, the ratio 
of protein spot intensity measurement in 5re-siRNA-treated cells to that of GFP-siRNA-
treated cells are provided. Also the ranks obtained in the database search are listed. 





Representative two-dimensional electrophoresis of proteins extracted from El2.5 
interdigital cells that had been transfected with GFP- or Bre- specific siRNA. Eight 
proteins that were differentially expressed were identified. Each protein spot was 
provided with a number to assist in the identification process. 
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Proteins that are differentially expressed in 5re-silenced El2.5 interdigital cells. The 
ratio of spot intensity was estimated by the The Discovery series, PDQuest 2D Analysis 
Software. The protein identities are shown with ranks of the search. 
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Spot SSP Proteins identified Ratio of spot intensity Rank of 
Number Number measurements search 
(bre-siRNA/GFP-siRNA) 
A2 8008 Proteasome beta 3 0.001 9 
A4 8102 Proteasome (prosome, 0.01 26 
macropain) subunit, 
alpha type 6 
A6 8304 Txndc7/PDIA6 0.17 1 
A7 8509 Enolase 1, 0.41 2 
alpha non-neuron 
A14 2406 Vimentin 0.0006 1 
A16 2304 Drebrin A2 0.01 18 
A31 6402 Gpc6 Protein 1.08 40 
A40 1601 Ubiquilin-l 1.24 2 
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3.7 The mRNA levels of proteins identified that were differentially expressed 
Since the comparative proteomic technique only demonstrated genes that were 
differentially expressed at the protein level, we also decided to examine the mRNA levels 
of the genes identified by semi-quantitative RT-PCR. Among eight protein candidates, 
Pdia6 and vimentin were selected for further analysis because their ranks from the 
database search were extremely convincing. Our semi-quantitative RT-PCR result 
revealed that Pdia6 was down-regulated by 5厂e-specific siRNA at the mRNA level. 
Expression of P-actin demonstrated the suppressed Pdia6 expression was not a non-
specific effect resulted from the siRNA transfection (Figure 27). However, this was not 
the case for vimentin. The mRNA level of vimentin was unaffected by 5r^-silencing as 
compared with control group (Figure 28). The expression level of P-actin served as an 
internal control for the experiment. 
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Figure 27. 
Semi-quantitative RT-PCR analysis of Pdia6 mRNA level in El2.5 interdigital cells that 
were transfected with either 5re-specific siRNA or GFP-specific siRNA. El2.5 
interdigital cells were harvested 48 hours after transfection. (A) The result showed that 
Pdia6 expression was down-regulated by 5r^-specific siRNA. Expression of P-actin 
served as an internal control. (B) The ratio of Pdia6 expression level in GFP-siRNA and 
Bre-siRNA treated El2.5 interdigital cells. For the ease of illustration, the Pdia6 
expression level in GFP-siRNA treated E12.5 interdigital cells was made up to 1.0. The 
Pdia6 mRNA level in each group was normalized by its corresponding /5 -actin 
expression level. 
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Semi-quantitative RT-PCR analysis of vimentin mRNA level in El2.5 interdigital cells 
that were transfected with either 5厂e-specific siRNA or GFP-specific siRNA. El2.5 
interdigital cells were harvested 48 hours after transfection. (A) The result revealed that 
vimentin mRNA expression was not affected by Bre-silencing even though vimentin was 
down-regulated at protein level, as determined by comparative proteomic analysis. 
Expression of P-actin served as an internal control. (B) The ratio of vimentin expression 
level in GFP-siRNA and 5r^-siRNA treated El2.5 interdigital cells. For the ease of 
illustration, the vimentin expression level in GFP-siRNA treated El2.5 interdigital cells 
was made up to 1.0. The vimentin mRNA level in each group was normalized by its 
corresponding j3 -actin expression l e v e l . -
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Discussion 
In the first part of my study, I have established the spatial-temporal expression 
pattern of Bre gene in El2.5 and El3.5 hindlimbs by in-situ hybridization. The 
expression level of Bre transcripts in the interdigital tissues of E12.5 and E13.5 hindlimbs 
was determined by semi-quantitative RT-PCR technique. The presence of different 
isoforms of Bre transcripts in interdigital tissues of E12.5 hindlimbs was determined by 
RT-PCR and using different isoform-specific primers. In the second part of my study, I 
have used 5re-specific siRNA to silence Bre expression in the interdigital cells. The 
viability of interdigital cultured cells was assayed after siRNA transfection. Afterwards, 
the protein profiles of interdigital cells that could and could not express Bre were 
produced and compared by two-dimensional electrophoresis. Several spots were found to 
be differential expressed across the groups. They were picked out for identification by 
mass fingerprinting. Eight protein spots were identified in this process. The result was 
further confirmed by RT-PCR technique. 
The result obtained in this study provides significant insight into the biological 
function of the Bre gene. Human Bre gene has been shown to be highly expressed in 
brain, testis, ovary, adrenal gland and heart (Li et al., 1995; Miao et al., 2001). The 
hamster Bre gene has been shown to be highly expressed in neurons and luminal epithelia 
of urogenital, digestive and respiratory organs (Poon et al., 2004). In this project, I used 
in-situ hybridization to demonstrate that the Bre gene was expressed in the interdigital 
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tissues. In addition, using RT-PCR revealed that only Bre isoform 5 was expressed in the 
interdigital tissues and cells but not the other four isoforms. 
I have determined the spatial expression pattern of the Bre gene in E12.5 and 
E13.5 mouse hindlimbs by in-situ hybridization. Bre was preferentially expressed in the 
interdigital tissues than in the digits, in both E12.5 and E13.5 hindlimbs. In addition using 
semi-quantitative RT-PCR, I determined that Bre was expressed at a significantly higher 
level in El2.5 interdigital tissues than El3.5. Previously, it has been reported that Bre 
may behave like an anti-apoptotic protein by mediating through the TNF-a-induced 
apoptotic pathway (Li et al., 2004)• In addition, TNF-a is highly expressed in the 
interdigital tissues when the digits start to separate at El3.5 (Martin, 1990). Therefore, 
Bre may be involved in the regulation of interdigital cell death because its expression 
pattern overlapped the interdigital tissues and also because of its ability to modulate the 
actions of TNF-a. 
The mouse Bre gene has been reported to exist as different isoforms resulting 
from alternative splicing (Ching et al., 2003). According to the NCBI database, mouse 
Bre gene has five isoforms. I have aligned all of them using multiple alignment software 
Clustal W 1.83. The result indicated that all of the Bre isoforms were produced by 
alternative splicing at the 5'end. Using the result, I designed five pairs of isoform-specific 
primers. Using the primers, I detected only Bre isoform 5 in the E12.5 and E13.5 
interdigital tissues and cells by semi-quantitative RT-PCR. The expressions of other Bre 
isoforms were undetectable. In adult heart tissues, Bre isoform 2, 4 and 5 could be 
detected by RT-PCR. This result is consistent with Ching et al., 2003 that most of the 
mouse organs expressed Bre isoform 5 as the major transcript with the expressions of 
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other isoforms at undetectable levels, except for the adult mouse heart which expressed 
all Bre isoforms. However, my result only revealed that Bre isoform 2, 4 and 5 were 
expressed in the adult heart. This discrepancy could be attributed to using ICR in our 
study while Ching et aL, 2003 used F1 mice (produced by mating C57BL/6 with CBA 
mice). The use of different mouse models may yield a variation of Bre isoform 
expression in the heart tissues. Previously, our laboratory has determined that the 
interdigital tissues were not committed to program cell death until E13.5 (Tang et al., 
2000). In addition, interdigital tissues isolated from El2.5 hindlimbs were capable of 
surviving and developing into cartilage and soft connective tissues (Lee et al., 1994). I 
have found that Bre isoform 5 was expressed at a higher level in El2.5 than El3.5 
interdigital tissues. This would suggest that the product of Bre may be acting as a survival 
factor preventing the interdigital cells from entering into the death program until the 
appropriate time, at E13.5. 
In this study, I have used siRNA technique to silence Bre expression in order to 
understand the function of Bre in the interdigital cells. I found that it was more difficult 
to trans feet siRNAs into primary cell cultures than transformed cell lines and so, I have 
used special reagents and protocols to overcome the problem. The optimal condition for 
transfecting siRNAs into the interdigital cultured cells was precisely determined and 
established. siRNA is a powerful tool in the loss of function study and I have used it to 
silence Bre expression in primary interdigital cells. Semi-quantitative RT-PCR revealed 
that my 5re-specific siRNA could suppress Bre expression by 70% in the interdigital 
cells. 
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Although BRE has been previously proposed as an anti-apoptotic factor in cancer 
cell lines (Li et a l , 2004), whether it has the same role in the interdigital cultured cells 
has still not been clarified. In my study, we are able to knockdown endogenous Bre 
expression. In order to investigate the anti-apoptotic role of BRE as previously described, 
we set out MTT assay to quantitate the viability of cells with or without Bre expression. 
As expected, knockdown of endogenous Bre reduced cell viability after 39 hours post 
transfection of Bre-siRNA. Longer period of siRNA treatment (e.g. 60 hours post 
transfection) should be carried out to strengthen the existing data. In addition, further 
experiments such as cell proliferation assay and apoptosis assay by flow cytometry may 
help identifying the causes of reduction in cell viability by Bre-siRNA, for example, 
decrease in cell proliferation, increase in apoptosis, or involvement in other signaling 
pathways. 
The preliminary result of the reduction in cell viability by Bre-siRNA suggests 
that BRE may also play an anti-apoptotic role in interdigital cultured cells. In order to 
further investigate the downstream effect of Bre silencing, I used two-dimensional 
electrophoresis technique to compare the protein expression profiles of interdigital cells 
silenced by Bre-siRNA with that of control culture transfected with GFP-siRNA. I 
discovered many proteins which were differentially expressed and managed to identify 
eight of them by mass fingerprinting. The accession numbers and the known functions of 
these eight identified proteins are summarized in Table 6. None of the identified proteins 
were found to be directly associated with apoptosis or cell proliferation. However, this 
does not imply that the Bre gene do not have a role in apoptosis because my successful 
rate in identifying the differentially expressed protein by MALDI-TOF mass 
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spectrometry was very low. This weakness does greatly affect the interpretation of the 
results and the conclusion of Bre gene function. It would be better to use tandem mass 
spectrometry (MS-MS) so that not only mass-to-charge ratio but also amino acid 
sequence of the peptides could be obtained. In fact, a well-established comparative 
proteomic system can yield fruitful results. Any proteins that were differential expressed 
across the sample groups can be easily identified. The mechanisms, pathways and even 
the function of the gene of interest can be extrapolated from the clusters of proteins that 
were differential expressed. Similar strategy can be applied to the mRNAs using cDNA 
micro array analysis. The expressions of thousands of genes can be monitored at a time. 
Among the eight protein identified, I focus my attention on two of them - protein 
disulfide isomerase associated 6 (PDIA6) and vimentin. PDIA6 belongs to a family of 
protein disulfide isomerase (PDI). Recently, PDI has been reported to be expressed in the 
interdigital tissues and involved in interdigital cell death (Shan et a l , 2005). PDIA6 has 
been reported to have isomerase, chaperone and peptide-binding activities (Kikuchi et al., 
2002). The result of semi-quantitative RT-PCR revealed and confirmed that Pdia6 
expression was down-regulated by Bre silencing in the interdigital cells. This implies that 
Bre may be involved in the regulation of interdigital cell death through PDIA6 - since it 
has been reported that PDI plays an important role in the induction of interdigital cell 
death (Shan et al.，2005). 
Vimentin is known to play a pivotal role in supporting and anchoring organelles 
to their positions in the cytosol (Takemura et al., 2002). Besides acting as a structural 
constituent of the cytoskeleton, it also regulates the transportation of low density 
lipoprotein-derived cholesterol for esterification (Sarria et al., 1992). In addition, 
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vimentin was found to be a death substrate cleaved by activated Caspase-9 enzyme in 
apoptotic cells, in the embryonic nervous system and in the interdigital regions 
(Nakanishi et a l , 2001). My RT-PCR result showed that Bre silencing did not affect 
vimentin expression even though vimentin protein expression was down-regulated. This 
implies that the reduced level of vimentin protein in the cytoplasm was the result of post-
transcriptional modification. It is possible that the reduction was the result of vimentin 
being cleaved by the Caspase-9 enzyme leading to their degradation. In addition, Bre has 
been reported to play an anti-apoptotic role in cells by modulating the signals through the 
TNF-a-induced apoptotic pathway and inhibition of the mitochondrial apoptotic 
machinery (Li et a l , 2004). Caspase-9 acts as an initiator of the mitochondrial apoptotic 
pathway (Cohen, 1997), so suppressing Bre expression in interdigital cells may lead to 
down-regulation of vimentin through a common apoptotic pathway. However, I need to 
perform more functional analysis to verify this conclusion. 
In sum, my study has demonstrated for the first time that the Bre gene was 
expressed in limb interdigital cells. In addition, the interdigital cells only expressed Bre 
isoform 5 and the corresponding expression is higher at El2.5 than E13.5. The Bre loss-
of-function study combined with comparative proteomics revealed it affected PDIA6 and 
vimentin expressions. In future, I would like to perform over-expression studies to 
determine how Bre affects major transduction pathways. I would also like to test whether 
over-expressing Bre makes the interdigital cells more resistant to experimentally induced 
cell death. Furthermore, comparative microarray analysis on 5厂e-silenced interdigital 
cells can be used to determine the clusters of genes affected by Bre silencing. These 
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experiments will provide definitive information on the functional role of the Bre gene in 
limb interdigital tissues. 
繊 
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Table 6. 
The table listing the accession number and summary of some known functions of each 
identified and differential expressed protein obtained in the comparative proteomic 
analysis. 
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Protein Identified Accession number Known functions 
Proteasome beta 3 NM_011971 Threonine endopeptidase activity 
Proteosome N M Ol 1968 RNA binding, protein binding, 
(prosome, macropain) threonine endopeptidase activity 
subunit, alpha type 6 
Txndc7/PDIA6 NM_027959 Isomerase activity, chaperone 
activity and peptide-binding activity 
Enolase 1, NM—023119 Lyase activity, magnesium ion 
alpha non-neuron binding, metal ion binding, 
phosphopyruvate hydratase activity 
Vimentin NM—011701 Structural constituent of 
cytoskeleton, structural molecule 
activity, involvement in the 
metabolism of lipoprotein derived 
cholesterol 
Drebrin A2 AB064321 Actin binding, profiling binding 
Gpc6 Protein BC023448 GPI anchor binding 
Ubiquilin-1 BC026847 Intermediate filament binding, 
kinase binding, oxidoreductase 
activity, receptor binding 
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Composition of Gel Buffer (3M Tris, pH8.45, 0.3% SDS) 
Tris (USB, United States) 181.7g 
Ajust to pH 8.45 
SDS (USD, United States) 1.5g 
MilliQ water Up to 500ml 
Composition of 40% Acylamide Solution 
Acrylamide (USB, United States) 195g 
1,4-Bis(acryloyl)piperazine (Sigma, United States) 5g 
MilliQ water Up to 500ml 
-99 -
APPENDICES 
Composition of 12% SDS-acrylamide separating gel solution 
(For two-dimensional electrophoresis) 
50% Glycerol (v/v, USB, United States) 8ml 
40% Acrylamide solution (w/v) 33ml 
Gel buffer (3M Tris, pH8.45, 0.3% SDS) 24ml 
MilliQ water Up to 100ml 
10% AP solution (v/v, Bio-Rad Laboratories, United States) 360ILI1 
TEMED (Bio-Rad Laboratories, United States) 36|ul 
Composition of Anode Buffer 
Tris (USB, United States) 12.1 Ig 
MilliQ water Up to 500ml 
Adjust to pH 8.9 
-100 -
APPENDICES 
Composition of Cathode Buffer 
Tris (USB, United States) 6g 
Tricine (USB, United States) 8.96g 
SDS (USB, United States) 0.5g 
MilliQ water Up to 500ml 
Composition of Solution A 
Tris (USB, United States) 30.3g 
Glycine (USB, United States) 144g 
SDS (USB, United States) 1 •25g 
MilliQ water Up to 1000ml 
-101 -
APPENDICES 
Composition of Transfer Buffer 
Solution A 100ml 
Methanol (Lab Scan, Ireland) 200ml 
MilliQ water Up to 1000ml 
Composition of 1.5M Tris solution (pH 8.8) 
Tris (USB, United States) 181.71g 
MilliQ water Up to 1000ml 
Adjust to pH 8.8 
-102 -
APPENDICES 
Composition of Equilibration Buffer 
1.5M Tris solution (pH8.8) 16.7ml 
Urea (USB, United States) 180.2g 
Glycerol (USB, United States) 150ml 
SDS (USB, United States) 1 Og 
Bromophenol blue (Sigma-Aldrich, United States) 0.5g 
MilliQ water Up to 500ml 
Composition of Fixing Solution 
Methanol (Lab Scan, Ireland) 250ml 
Acetic acid (BDH Chemicals Ltd., United Kingdom) 60ml 
37% Formaldehyde (v/v, Sigma-Aldrich, United States) 250ml 
MilliQ water Up to 500ml 
-103 -
APPENDICES 
Composition of Silver Reaction Solution 
Silver nitrate 0.75g 
37% Formaldehyde (v/v, Sigma-Aldrich, United States) 375)^ 1 
MilliQ water Up to 500ml 
Composition of Developing Solution 
37% Formaldehyde (v/v, Sigma-Aldrich, United States) 125ul 
Sodium carbonate 
Sodium thiosulphate 0.00Ig 
MilliQ water Up to 500ml 
-104 -
APPENDICES 
Composition of lOOX Denhardt's Reagent 
Ficoll 400 lOg 
Polyvinylprrolidone lOg 
BSA lOg 
DEPC-treated water 500ml 
Filter and store at -20''C in 25ml aliquots 
-105 -
APPENDICES 
DEPC (diethylpyrocarbonate) treatment of solution 
Add 1ml of DEPC to 1000ml of double-distilled water. Shake vigorously and place 
overnight in a fume hood. The water is then autoclaved to inactivate the DEPC. 
CAUTION: Wear gloves and use a fume hood when using DEPC, as it is a suspected 
carcinogen. 
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APPENDICES 
Preparation of TESPA coated slides 
1 • Wash the pre-coated slide with detergent in ultrasonic cleaner for 15 minutes. 
2. Rinse the slides in tap water for 30 minutes and then in distilled water for a few 
minutes. 
3. Heat-treated the slides at 150�C for 3 hours. 
4. Mix 10ml of the TESPA with 500ml acetone (This makes a 2% solution, which 
is stable for 8 hours, after which the color will change). 
5. Dip the cleaned slides in TESPA solution for 2 minutes. 
6. Wash the slides in 2 changes of distilled water. 
7. Dry the slides completely in oven and cool. 
8. Store the TESPA coated slides in boxes at room temperature. 
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